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FOREWORD 

The 1978 C-b ANNUAL REPORT is submitted to fulfill the requirements 
of the Oil Shale Lease as stated in Section 16{b) of the Lease, 
Section 1.(C)(4) of the Lease Environmental Stipulations, and Condi
tion of Approval (No.3) of the Detailed Development Plan. This 
report consists of the following volumes: 

Volume 1 - Summary of Development Activities, Costs and 
Environmental Monitoring 

Volume 2 - Environmental Analysis 
Appendix 2A - Volume 2 Supporting Data 
Appendix 28 - Volume 2 Time Series Plots 
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1.0 INTRODUCTION AND SUMMARY 

1 .1 Scope 

The Environmental Baseline Period for Oil Sha1e Tract C-b covered 
the period from November 1,1974, to October 31,1976. Results have been 
reported in nine Quarterly Data Reports, eight Quarterly Summary Reports. 
Annual Summar and Trends Re ort 1976). and as-volume Environmental Baseline 
........... ~.-.. ......... UoUII...&.....I~~.-.......!~J.J-/. all submitted to the Area Oil Shale Supervisor. 

From November 1, 1976 through August 31, 1977. the C-b Tract was under a peri·od 
of suspension of the Federal i1 Shale Lease. This period was known as the 
Interim Monitoring Phase. En'ironmental data for this time p~riod were sub
mitt~d to the Area Oil Shale Office (AOSO) on October 14. 1977 (Interim Monitor
ing Keport #1). The Interim Monitoring Period was later extended by the AOSO 
to cover the period from September 1,1977 through March 31, 1978. Data for 
this time period were submitted to the AOSO on May 15, 1978 (Interim Monitoring 
Report #2). The Development Monitoring Program was initiated in April 1978. 
Final approval of the Development Monitoring Plan by the AOSO is expected in 
the near future. Data for the time period from April 1978 through September 
1978 were submitted on January 15, 1979 to the AOSO. Subsequent semi-annual 
data reports are scheduled for delivery every January 15 and July 15. 

This is the first environmental analysis of data for Oil Shale Tract C-b since 
the final report of the Environmental Baseline Program was published in 1977. 

This report, 1978 C-b Annual Report. Volume 2. Enyironmenta1 Analysis, presents 
analyses in all of the broad environmental areas identified in the Development 
Monitoring Program for data collected since November 1976. Because there is 
always a data-lag and reduction problem, analyses for some studies are based on 
data only through September 1978. This report is not as detailed or comprehen
sive as the 5-volume Environmental Baseline Program. Final Report (1977). It 
need not be. The Interim Monitoring and Development Monitoring Programs have 
been reduced and changed from the Environmental Baseline Monitoring Program in 
many areas. Therefore, emphasis is now placed on key indicators of environ
mental quality and/or change which are evaluated in this report. 

The report outline follows closely the outline of the Development Monitoring 
Program document for ease of cross reference. 

1.2 Purpose 

The purpose of this report is to fulfill the requirement of the lease 
to provide the Area Oil Shale Supervisor's Office with an annual report of 
environmental analyses. The Development Monitoring Plan states the following 
objectives with respect to environmental monitoring: 

The purposes or objectives of environmental monitoring as defined 
in Section 1 (C) of the Stipulations are to provide: 1) a record 
of changes from conditions existing prior to development operations, 
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as established by the collection of baseline data; 2) a continuing 
check on comp11ance w1th the prov1sions of the lease and St1pula
tions, and all applicable Federal, State and local environmental
protection and pollution control requirements; 3) t1mely notice of 
detrimental effects and conditions requiring correction; and 
4) factual bas1s for revision or amendment of the Stipulations. 

This report documents the analyses and conclusions relative to assessment of 
potential env1ronmental impacts and trends that may be indicated in the col
lected data. Since development activities were not started until 1978, much 
of the data and analyses may be considered as a continuation of environmental 
baseline and background definition. 

1.3 Summary 

Environmental monitoring and analyses are continuing on Oil Shale 
Tract C-b. Development activities commenced within the past year have 
resulted in increased activity on the Tract in the form of off-road vehicular 
use, facility construction, shaft sinking, and traffic into and out of the 
area. All activity has been conducted within strict adherence to environmental, 
permit, and lease regulations. Environmental impacts, where they exist, have 
been confined to the immediate area and wi thin limits defined in the Detailed 
Development Plan. 

The following paragraphs present brief highlights of the report sections. A 
foldout map showing all of the C-b Tract Development Monitoring sites is pro
vided in a jacket in the back of this report. 

1.3.1 Tract Photography 

A tract surface and aerial photography program has been initia
ted to provide permanent records of change and surface disturbance. Suffi
cient time lapse has not occurred to identify other than purely qualitative 
effects of wet or dry years on vegetation from the aerial photographs. 

1.3.2 Indicator Variables 

The Development Monitoring Program has been brought into 
sharper focus with the identification of Class 1 indicator variables. These 
are key environmental variables collected at representative stations in at 
least a monthly sampling frequency. Time series plots, largely generated by 
the computer from the data base, are presented in Appendix B. These plots will 
be maintained and updated monthly (as a goal) to provide visual analyses of 
trends and interrelationships. 

1.3.3 Hydrology 

Regarding hydrology, analyses of USGS Gauging Stations surface 
water quality and quantity data reveal no adverse trends for indicator varia
bles either over time or between station locations. Streamflow records on 
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Piceance Creek above and below the C-b Tract show no change in mean annual 
flows. One-day minimum flow averages may be less than one cubic foot per 
second (cfs). Maximum peak flows recorded since baseline were 520 cfs on 
July 19, 1977 upstream from the C-b Tract, and 492 cfs on September 3, 1977 
downstream from the Tract. 

A few isolated statistical trends in water lua1ity parameters (sulfate, pH, and 
arsenic) were noted for some water quality Qata obtained from springs and seeps. 
However, suspected spurious values as well as paucity of data discount the 
s1gnificance of these at this time. Any trends at this point in tim~ of very 
limited development activity would be an indication of a trend in the baseline 
data. 

Water quality and level data for selected alluvial wells and indicator variables 
showed no overall trends with time from baseline. Comparison of parameter mean 
values between stations showed no significant differences for most comparisons. 
The notable exception is for specific conductance which showed differences in 
four of six comparisons. Water level in bedrock wells showed no trends over 
time. 

1.3.4 Aquatic Ecology 

It is useful to relate the previous hydrologic discussion to 
qualitative aquatic ecological considerations as they pertain to Piceance 
Creek. Piceance Creek as an ecosystem has been characterized as a "productive, 
disrupted system existing under marginal physic~l and chemical conditions," 
imparting the impression of "marg ina1, low quality aquatic enviror.ment" 
(Woodling and Kendall (1974)). 

Bio ogica1 production in Piceance Creek is presently restricted by a combination 
of natural and man-caused factors. Natural factors limiting biological produc
tion are the unstable nature of most of the streambed and irregular discharge. 
Loose sand, silt and mud comprise much of the substratum. These materials are 
easily shifted about by currents, parti:u1ar1y those associated with runoff of 
snowmelt and high intensity thunderstorms. In times of low flow, much of the 
streambed becomes dewatered, thus exposing biota to possible desiccation. 

Land use practices along Piceance Creek intensify the adverse effects of some 
natural limiting factors. Cattle gra7ing has probably reduced the vegetative 
cover of the watershed and thereby contributed to the irregularities in stream 
flow. Cattle trample stream banks and willow growth along the streams and thus 
destroy cover for fishes. Irrigation diversions dewater sections of Piceance 
Creek so that they may be intermittently dry, and return water probably leaches 
salts from the fields and increases the load of dissolved solids. ~onia and 
nitrogen may be leaching in significant amounts from manure emanating from win
ter feeding concentration of cattle along Piceance Creek. 

The water of Piceance Creek is high in dissolved salts relative to the "average" 
North American stream; however, the load in Piceance Creek is not unusually 
great for streams in semi-arid western localities. Low quality-high salinity 
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groundwater from deep aquifers reaches Piceance Creek via springs discharging 
into it, especially in reaches downstream from Ryan Gulch. Although the 
salinity of lower Piceance Creek is greater than in upstream reaches, there is 
no unambigucus evidence that salinity is limiting total biological production. 

1.3.5 Air Quality 

With regard to air quality, gaseous constituents measured 
include sulfur dioxide, hydrogen sulfide. carbon monoxide. ozone, and oxides 
of nitrogen; total suspended particulates have also been measured. For the . 
overwhelming majority of the time. S02, H2S, and CO have indicated background 
levels below the lower level of significance of the instruments. Only for 
ozone and total suspended particulates have significant values been measured. 
Ozone-concentration shifts to high values show correlation with weather
related meteorological parameters. High particulate concentrations to date 
are judged to be due solely to fugitive dust. Time series plots do not iden
tify any discernible tre~ds in either gaseous constituents or particulates 
over time, except for some seasonal variations in particulates. Particulate 
concentrations are usually highest in spring and fall with minimums in winter. 
No specif; . dependence of concentrations on wind speed or direction has been 
noted. 

Mean annual visual range in 1978 was 130 km (81 miles), with a seasonal Spring 
minimum of 126 km (78 miles) and Fall maximum of 138 km (86 miles). No signi
ficant change in the annual mean has been noted since the 1975-1976 measure
ments. 

1.3.6 ~eteorol09Y 

Climatological records indicate an annual mean temperature of 
6-70 C over the past four years. Tim~ series analyses of monthly means has 
demonstrated no trend in long-term mean values. Cold air drainage results in 
winter minima in Piceance Valley near -430 C. Although 1977 was the wettest 
of the four years (35.7 cm), its distribution was such that it came too late in 
the year to b~ a major influence on productivity. Lightest annual precipita
tion was 23.6 cm in 1976. Peak storm intensities reached 4.3 em precipitation 
on September 3, 1977 . 

Predominate winds on Tract continue to be from the south-southwest with Spring 
and Summer showing higher wind speeds (5-8 m/sec) than Fall and \~inter 
(1-3 m/sec) at the lO-meter level above surface. Winds from the Tract direc
tion generally become channeled by Piceance Valley walls toward the WNW 
downstream direction of Piceance Creek during late afternoon and night; direc
tions reverse in daytime. Air is typically stable during night and early 
morning and unstable in late morning and afternoon. 

1.3.7 Noise 

The environmental noise program deals with both traffic and 
tract-gpnerated noise levels. The discrete (weekly) traffic noise level 
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measurements indicated noise levels approximately nine dbA above baseline peaks. 
Continuous noise measurements (every sixth day) indicate no significant increases 
due to the tract activities in average noise levels for two 12-hour periods 
(7 p.m.-7 a.m. and 7 a.m.-7 p.m.). 

1.3.8 Wildlife Biology 

Maximum weekly counts of deer observed along Piceance Creek 
since baseline have always occurred in spring and have varied from 1,512 in 
1976 to 1,034 in 1978 with 1975 and 1977 values intenmediate to these. Road 
kills in any week usually vary from less than 1% to 1.5% of those counted in 
any given week. A total of 125 deer were killed along the road from September 
1977 to May 1978. Use of company buses has been the principal mitigative mea
sure in reducing traffic on Piceance Creek road. Regarding natural deer 
mortality in lateral draws and gulches, fawns have comprised 80% of deer 
mortality each year. Age class composition for mule deer wintering near the 
tract are as follows: 79 fawns per 100 does, 26 bucks per 100 does, and 64 
fawns per 100 adults. 

Regarding medium-sized mammals, fewer coyotes and more cottontail rabbits were 
noted in 1978 than in 1977. 

As with previous sampling periods, greater avian songbird diversity has been 
noted in pinyon-juniper woodlands as opposed to chained pinyon-juniper, 
similarly more mourning doves were found in the unchained habitats. Nesting 
raptors in the tract vicinity in 1978 consisted of red-tailed hawks and great
horned owls. Although bald eagles have been observed in the tract vicinity, 
none nested or remained in the area, they were merely flying through. No 
threatened or endangered species were found on or near the Tract. 

1.3.9 Vegetation 

Monitoring data suggest that over the past four years there 
have been no major changes in species composition or community structure °in 
the chained rangelands. The general trend has been for a slight increase in 
total cover and also for an increase in the density of big sagebrush. These 
changes are closely related to the successional characteristic of the chained 
rangelands. The trend for increasing shrub cover and density is likely to con
tinue until the tree saplfngs mature into tree-size individuals. 

The production patterns within the vegetation types observed during the Devel
opment Monitoring period are the same as those observed during the baseline 
period. Utilization continues to be seasonal and by mid-growing season is 
nearly non-detectable because of livestock use patterns. Observed differences 
in productivity between intensive study plots appear to be more related to site 
differences than to any development-related activities. Herbaceous production 
is closely related to precipitation; Significant differences in production 
between years are related to differences and fluctuating patterns of precipita
tion in this semi-arid region. Fertilization of upland chained areas appears 
to result in an increase in herbaceous production. Because of a limited sample 
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s1ze and h1gh data variab11ity, the differences between fertilized areas and 
control areas were not significant. Shrub production and utilization (bitter
brush and mountain mahogan ) for this past year differed markedly from those 
of 1976-1977 in that production was lower and utilization by mule deer was 
much higher. Precipitation distribution was more favorable to productivity 
in 1978 than in 1977. 

Revegetation monitoring will be conducted on sites which have undergone surface 
d1sturbance and on future raw-shale disposal sites. Erosion control and 
rehabilitation are discussed in Volume 1, including the reclamation activity
schedule defining affected areas, disturbance timetable, reclamation time 
span, and disturbed acreage. 

1.3.10 Ecosystem Interrelationships 

Ecosystem interrelationship studies have been initiated as a 
means of assessing the potential impact of environmental perturbations resulting 
from development activity. Quantitative studies to date included: (1) effects 
of climatic variations on herbaceous productivity; (2) effects of traffic, 
climate, and size of mule-deer herd on deer road-kill; and (3) effects of 
urbanization on watershed h¥drologic response time. Principal results estab
lished were as follows: (1) herbaceous productivity correlated best with 
precipitation in April-May-June and total precipitation of the previous year; 
(2) deer road-kill correlated best with deer road count; (3) a lag time of 5.5 
hours was demonstrated to exist currently between a precipitation event and 
peak flow on Piceance Creek below the tract; future analyses will detenmine 
potential effects of urbanization on this lag or response time. 

1.3.11 Items of Prehistoric and Historic Interest 

Recent developments regarding items of prehistoric or historic 
interest have been primarily associated with a planned route for a powerline 
from Meeker to the Tract. One prehistoric site and five isolated "finds" were 
located near the proposed right-of-way; mitigation will be accomplished by 
avoiding these sites through minor rerouting. 

1.3.12 Health and Safety 

With regard to health and safety, accident frequency analyses 
and inspection reports (Mine Safety and Health Administration (MSHA) and Colo
rado Division of Mines (COM)) are included in the Development Monitoring Plan 
and its reports. At C-b based~on 442,218 man-hours worke~ during 1978, there 
were three lost-time accidents totaling seven lost-time days. The site injury 
incidence rate was 1.35 (incidents per 200,000 man-hours), and the severity 
measure was 3.16. These compare favorably with the national averages for under
ground mines of 16.32 and 23.0 respectively. 
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2.0 TRACT DEVELOPMENT SCHEDULE AND MAPS 

2.1 Development Schedule 

The proposed development schedule is presented as Figure 3-1 of 
Volume 1 of this report. A comparison of proposed vs. actual schedules for 
calendar 1978 is presented as Figure 3-2 of Volume 1. 

2.2 Maps 

A fold-out map depicting monitoring site locations for Development 
Monitoring is included in the jacket inside the back cover of this report. 
Four-digit computer codes are also shown on the map; comparisons of computer 
codes and "conventional" site locations are included in Appendix A2.2. 

Related maps are included in each chapter as appropriate. 
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3.0 TRACT PHOTOGRAPHY 

3.1 Scope and Rationale 

Section 1 (C) of the Environmental Lease Stipulations requires that 
the Lessee conduct monitori ng programs to measure percepti b h . changes from 
baseline conditions. Toward this end both a surface and an arrial photography 
program have existed since baseline. For the surface program, color photos 
are obtained annually. For the aerial program, black and white and color/ 
infrared are obtained annually and ~olor once every five years. 

3.2 Surface Program 

3.2.1 Objectives 

The objectives of the surface program are to provide: 
1) a record of changes from conditions existing prior to development operations; 
2) visual evidence of successional changes in the ecosystem; 
3) a visual record of surface disturbance; 
4) an historic account of surface development; and 
5) a visual basis for revision or amendment of the Stipulations. 

3.2.2 Experimental Design 

Thirty-one points have been selected for Development Monitor
ing from which a 3600 pan is photographed on a yearly basis. (Figure 3.2.2-1). 
A 35mm camera witn an f 1.8, 5Smm lens using Ektachrome Professional Type 
R, ASA 200 film is u~e. Once each year in June between 10:00 a.m. and 2:00 p.m. 
on cloudless days, a 3(00 photo pan is taken from each of the thirty-one photo 
map stations. 

3.2.3 Archiving Metilods 

A complete set 0 '; ' the 35mn slides arC;! numbered as to station, 
aspect and date. This set is stor\.;1 i n plastic envelopes and bound in a 3-ring 
binder, then filed in a unit u signed to curtail dust and light as a part of 
the permanent record of the C-b Shal e Oil Project. For Development Monitoring 
this record includes weather conditi n, CiJmera and film data, height of camera 
above ground and direct or diffuse lighting identification. 

3.2.4 Results and Conclusions 

Photographic coverage of the C-b Tract in 1977 and 1978 con
sisted of from five to fifteen slides of thirty-five selected points on and 
around the Tract. The camera was set up over each point and oriented so the 
center of the first slide was true North. With each succeeding slide the 
camera was rotated twenty-five degrees clockwise. 

The film chosen for both 1977 and 1978 was Kodak Ektachrome Professional with 
an ASA of 200. The high ASA number was chosen because it allows more detail 
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to be visible in shaded areas and reduces the "blocking up" that occurs with 
a slower film. Since this film has a very high sensitivity to blues, an 81A 
filter was utilized to cut the blue cast and a polarizing filter was placed 
over this to give better haze penetration. The film was slightly under-exposed 
to give a more dense slide with an increased dye concentration; this technique 
extends the life of the slide when properly stored. 

Durin~ 1977, photo points 4, 10, 13, 14 and 26 were not recorded due to snow
fall (9 r~ovember - 16 November) or mechanical failure. During 1978, photo 
points 2, 4, and 13 were not recorded due to mechanical failure. 

Sufficient time lapse has not occurred to identify other than a wet or dry year. 

3.3 Aerial Program 

3.3.1 Objectives 

The objectives of aerial photographic coverage of the C-b Tract 
and a one-mile buffer utilizing vertical viewing are to provide: 
1) a record of changes from conditions existing prior to development operations, 

as established by the collection of baseline data; 
2) timely notice of certain detrimental effects and conditions requiring correc-

tion; 
3) general vegetative conditions (correlated with Biology); 
4) inventory of site physical conditions; and 
5) subsidence details. 

3.3.2 Experimental Design 

For Development Monitoring, the scale is 1:6000. Film is black 
and white, color and color/infrared. Resolution is such that an object three 
feet across on the horizontal plane can be seen with the unaided eye. Flight 
lines are flown from \~est to East and photography taken from 10:00 a.m. to 
2:00 p.m. on cloudless days. Side overlap of 40-~0% and fore-and-aft overlap 
of 60% between photographs are to be specified. Aerial photographs will show 
visible ground control points as 3' x 12' white crosses on established section 
corners within the C-b Tract. 

Vertical aerial photography is obtained on or about the 15th of June. Frequency 
is annually for black and white and color/infrared and once every five years 
for color. 

3.3.3 Methods 

Regarding archiving, one set of color prints is use~ for con
struction of a mosaic; and one set of black and white, color, and color/infrared 
is stored in a unit designed to curtail dust and light as a part of the penma
nent record of the C-b Shale Oil Venture. The annual record during Development 
Monitoring includes weather conditions, camera and film data, height of camera 
above ground and inform~tion on direct or diffuse lighting identification. 
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An uncontrolled color mosaic for the June 1974 flight is on display at 
Occidental's Grand Junction offices. The next color mosaic will be compared 
with June 1974 mosaic to identify major areas of change and a map indicating 
changes prepared. 

Stereo pairs will be utilized to examine the ~~st significant major changes 
in more detail. These results will be documented in future analysis reports. 

3.3.4 Results and Conclusions 

The results of the 1977 color aerial photography were such 
that an uncontrolled mosaic could not be assembled due to severe drift in 
flight lines. Prints have been archived in accordance with the above 
described archiving techniques. Vertical aerial photography was not obtained 
by C-b in 1978. Previous arrangements were made with the EPA to supply the 
C-b Shale Oil Project with aerial photography. A 1:34000 print was supplied 
in early 1979 as overflown in September 1978. This print will be archived 
in accordance with the Development Monitoring Program. 
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4.0 INDICATOR VARIABLES 

Indicator variables are selected monitored envi onmenta1 parameters that 
can be expected to provide the earliest clues of potential change in the base
line environment. This section identifies the indicator variables selected 
for environmental disciplines of hydrology, air quality and meteorology, noise, 
and biology that will be observed most closely. 

4.1 Role in Impact Assessment 

Efficient monitoring of environmental quality requires close obser
vation of a few key variables. This includes those variables that are: 
1) most sensitive to change in quality; 2) indicators of natural or climatic 
change; and 3) subject to Federal and State standards because of concern for 
human health and public welfare. For these reasons the Deve10pment Monitoring 
Plan has identified and emphasized in the collection plan key indicator varia
bles in each of the environmental disciplines. 

Close observation of the identified key indicator variables requires early data 
reduction and analysis in order to flag changes or adverse time-trends in the 
observations. Visibility is provided by maintaining current time-series plots 
of the key variables. Impact of development activity is also assessed through 
statistical comparison of data collected near development and control sites. 
If trends and differences signal the probable occurrence of adverse environ
mental impact. additional and increased monitoring will be triggered. (Referred 
to as Systems Dependent Monitoring.) At present. no Systems Dependent Monitor
ing has been "triggered." 

4.2 Identification of Class 1 Indicator Variables 

Indicator variables hav~ been identified in the Development Monitor
ing Plan as a subset of the monitored environmental parameters. However, the 
combinations of indicator variables with the number of collection st~ ions 
exceed 1000. Therefore, Class 1 Indicator Variables have been identi. ed in 
order to further reduce the number of parameter-site combinations to a real
istic quantity (171) for the purpose of close observation. Class 1 Indicator 
Variables are key environmental variables collected at representative stations 
on at least monthly frequency. Time series plots will be maintained and 
updated monthly for these Class 1 Indicator Variables . 

This section identifies only the Class 1 Indicator Variables. However. all 
monitored variables are included in the data reports and the following chapters 
of this Annual Report. 

4.2.1 Tract Photography 

Tract photography is to be carried out annually under a surface 
program and an aerial program as defined in the Development Monitoring Program. 
While the photographs provide permanent records of existing conditions, no 
photo interpretations have been made at this time. 

13 
727 



Therefore, no Class 1 Indicator Variables associated with tract photography 
are identified. 

4.2.2 Hydrology 

Class 1 Indicator Variables for hydrology are identified in 
Table 4.2.2-1. The number of collection sites has been screened to four major 
USGS Gauging Stations, four ~prings and seeps, and four alluvial wells for 
this group. Parameters are collected either da11y or monthly as indicated by 
the codes 1n the table. For cross-referenc1ng ease, Table 4.2.2-2 presents 
the table numbers in Append1x 8 where these t1me-series data are presented 
under separate volume. 

4.2.3 A1r Quality and Meteorology 

Class 1 Ind1cator Variables and stations for air quality and 
meteorology are identified in Table 4.2.3-1. Collection frequency for those 
para.eters coded with D is continuous; hourly averages are reported in the data 
reports. Daily averages and peaks calculated from the hourly averages are used 
1n the time-ser1es plots for these variables. Daily totals will be plotted for 
those coded with T. Table 4.2.3-2 cross-references the time-series plots. 

4.2.4 No1se 

Noise 1s measured at two stations as decibel level. Class 1 
Ind1cator Variables are peak measurements of background noise level for day
ti.a (0100 through 1900 hours) and for nighttime (1900 through 0700 hours). 
These are shown in Tables 4.2.4-1 and 4.2.4-2. 

4.2.5 8iology 

Much of the biology data collection and analysis are on a 
seasonal or annual time frequency. These data and analyses are important indi
cators for possible oil shale development environmental impact. However, under 
the definition of Class 1 Indicator Variables as those with at least monthly 
collection, a much smaller set of biological environmental parameters are iden
tified. These are shown in Tables 4.2.5-1 and 4.2.5-2. Microclimate data are 
collected twice monthly i~dicated by 2M in the first table. Monthly and weekly 
observation frequency are shown with M and W respectively in the tables. 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

TABLE 4.2.2-1 

HYDROLOGY CLASS 1 INDICATOR VARIABLES 

MAJOR U.S.G.S. SPRINGS AND SEEPS 
VARIABLE WU07 WU61 WUS8 WU22 WS01 WS03 

AnInonia M M M M 
Boron M M M M 
Fluoride M M M M " Total Dissolved Solids M M M M 
Arsenic M M M M 
Sediment M M M M 
Predpitation M M M M 
pH D D D D M M 
T~erature D D D D M M 
Flow D D D D 
Conductivi ty D D D D M M 
Dissolved Oxygen D D D D M M 
Level 

NOTES: Frequency of data sampling is coded: D for daily average of 
continuous sampling; M fo r monthly samples. 

WS06 

M 
M 

M 
M 

ALLUVIAL WELLS 
WS07 WA03 WAOS WA06 WAOS 

M M M M M 
M M M M M 

M M M M M 
M 

M M M M 



TABLE 4.2.2-2 

HYDROLOGY CLASS 1 INDICATOR VARIABLE TIME-SERIES INDEX 

~ 

MAJOR U.S.G.S. SPRINGS AND SEEPS ALLUVIAl WELLS 
VARIABLE WU07 WU61 WU58 WU22 WS01 WS03 WS06 WS07 WA03 WA05 WA06 WAOB 

1. AnInonia 85.2.1-1 -2 -3 -4 
2. Boron -5 -6 -7 -8 
3. Fluoride -9 -10 -11 -12 
4. Total Dissolved Solids -13 -14 -15 -",6 
5. Arsenic -17 -18 -19 -20 
6. Sediment -21* -2~ -23* -24* 
7. PreciDitation -25* -26* -27 -28 
8. pH -29 -30 -31 -32 B5.2.7.-1* -2* -3* -4* 85.3.1-1* -2* -3- -4'1 

9. Teq>erature -33 -34 -35 -36 -5* -6* -7* -8* -5* -6* -7* -8" 
10. Flow -37 -38 -39 -40 
11. Conductivity -41 -42 -43 -44 -9* -10* -11* -12* -9* -10* -11* -12" 
12 DissolYed Ol(vaen -45 -46 -47 -48 -13* -14* -15* -16* 
13. Level -13 -14 -15 -16 

NOTES: * Plots not included (Insufficient Data) 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

TABLE 4.2.3-1 

AIR QU~LITY AND METEOROLOGY CLASS 1 INDICATOR VARIABLES 

SAMPLING STATIONS 

VARIABLE AB20 AA23 AB23 AC20 AD42 

S02 0 0 
H2S 0 0 
03 0 0 
NOx 0 0 
N02 0 0 
CO 0 0 
Particulates (every 3rd day) T T T 
WS - 1()n 0 0 0 
WO - 10m 0 0 0 
WS - 30m 0 
WO - lOR 0 
RH 0 
TE.., - l<D i) 0 0 
PRESS 0 
SOLAR T 
6 TE.., - (6Qn-1 Om) 0 
PRECIPITATION T T 
EVAPORATION T 
INV HT 0 
MIX HT 0 
V I SUAl RANGE (every 6th day) 

NOTES : Frequency of sampling is continuous for all variables except 
visual range. Daily averages with min and max hourly values 
are plotted for those variables coded with o. Daily totals 
are plotted for those coded with T. 

A056 

T 
0 
0 

0 
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TABLE 4.2.3-2 

AIR QUALITY AND METEOROLOGY CLASS 1 INDICATOR VARIABLE TIME-SERIES INDEX 

,~ 

I 
~ 

SAMPLING STATIONS " 

AB20 AA23 AB23 AC20 AD42 ADS6 AREA 
VARIABLE 

1. S02 86.2.1-1 -2 
2. H2S -3 -4 
3. ~aX -5 -6 
4. -7 -8 
5. P!02 -9 -10 
6. CO -11 -12 .:l 

7. Particulates (every 3rd day) 86.2.2-1 ~? -3 -4 
8. WS - 10m 86.3.2-1 -2 -3 -4 
9. WD - 10m -5 -6 -7 -8 

10. WS - 30m -9 -11. WD - JOn -10 
12. RH 86.3.1-1 
13. TEMP - 10m -2 -3 -4 -5 
14. PRESS -6 
15. SOLAR -7 
16. 6 TEJII> - (6()n-10m) -8 
17. PRECIPITATION -9 -10 
18. EVAPORATION -11 
19. INV HT 86.3.2-11 
20. MIX HT -1' 
21. VISUAL -RANGE (every 6th day) 86.2.3-1 * 

* Plots not included (Insufficient Data) 



TABLE 4.2.4-1 

NOISE CLASS 1 INDICATOR VARIABLES 

~ 

SAMPLING STATIONS 

1. 

2. 

VARIABLE NA09 

Daytime Noi se (0700-1900) P 

Nighttime Noise (1900-0700) P 

NOTES: Sampling Frequency is continuous 
with peak db for the time interval 
coded with P. 

TABLE 4.2.4-2 

~ 

NOISE CLASS 1 INDICATOR VARIABLE TIME-SERIES INDEX 

NB19 

P 

P 

SAMPLING STATIONS 
VARIABLE NA09 NB15 

1. Oaytime Noise (0700-1900) CO I E 
2. Nighttime Noise (1900-0700) MB N 0 B7.2.1-1* B7.2.2-1 

* Plots not included (Insufficient Data) 
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TABLE 4.2.5-1 

BIOLOGY CLASS 1 INDICATOR VARIABLES 

M I C ROC LIM ATE S TAT ION S U.S.G.S. 
VARIABLE BCOl BC02 BC03 BC04 BC05 BC06 BC07 BC08 BC09 BCll WU07 

PRECIPITATION 2M 2M 2M 2M 2M 2M 2M 2M 2M 2M 
SNOW DEPTH 2M 2M 2M 2M 2M 2M 2M 2M 2M 2M 
TEMP Ml'X 2M 2M 2M 2M 2M 2M 2M 2M 2M 2M 
TEMP MIN 2M 2M 2M 2M 2M 2M 2M 2M 2M 2M 
PER I PHYTON 
BIOPRODUCTIVITY M 
DEER ROAD COUNT 
DEER ROAD KILLS 
TRAFF I C COUNT 

NOTES: Microclimate data are collected twice monthly (2M); 
Periphyton bioproductivity collected monthly (M); 
and Deer and Traffic are counted week1l (W). 
CB - Traffic Count between Piceance reek Road and C-b Tract. 
PCN - Piceance Creek Road north of C-b turnoff. 
PCE - Piceance Creek Road east of C-b turnoff. 

~ 

WU6l 

M 

PICE-
ANCE TRAFFIC 
CREEK CB PCN PCE 
ROAD 

W 
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TABLE 4.2.5-2 

BIOLOGY ClASS 1 INDICATOR VARIABlE TIME-SERIES INDEX 

M I C ROC LIM ATE 
VARIABLE seOl BC02 BC03 BCM BC05 

PRECIPITATION - 88.7.5-1 -2 -3 -4 -5 
SNOW DEPTH 

TE,., :1AX ... -11 -12 -13 -14 -15 
TE,., HIN 

PERIPHYTON 
B I OPRODUCTI V I TY 

OUR ROAD COUNT 

DEER I<OAD KILLS 

TRAFFIC CO~T 

NOTES: *. Plots not included (Insufficfent Data) 
** • Cc.bln" 

BC06 

-6 

-16 

S TAT 10.. S U.S.6.S. 
BC07 BC08 BC09 BC13 W07 WU61 

-7 -8 -9 -10 

-17 -18 -19 -20 

88.6.2-1* -2!' 

PICE-
A1tCE TRAFFIC 
CREEK CB PCN peE 
ROAD 

~ 

88.2.2-1 

88.2.3-1 

88.2.3-2* 
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5.0 HYDROLOGY 

5.1 Introduction and Scope 

A development monitoring program has been implemented to provide 
water quantity and quality data for the purpose of impact evaluation. 
Presently, streams, springs, seeps, and alluvial and bedrock aquifers are 
mon1tored. The program will be expanded to include monitoring of water 
assoc1ated w1th shafts, impoundments, and shale piles as development 
proceeds. Data obtained during baseline and interim-monitoring studies 
established reference levels for use in comparative studies during 
development. Bedrock quantity and quality data presented in this report, 
which were gathered prior to subsurface development, may still be considered 
as representative of "baseline" conditions. 

Thp present hydrolog1c monitoring network is conceptually the same as 
during the base11ne period. However, the bedrock aquifer system underlying 
C-b Tract has been redefined. Observation wells were completed in accordance 
w1th the concept that the Tract is underlain by two aquifers separated by 
the Mahogany Zone. Pump spinner tests conducted after the basa1ine period 
indicated that highly stratified aquifers and aquitards more accurately 
characterize the ~quif.er system. The more complex aquifer-aquitard system 
is illustrated in Figure 5.1-1. For purposes of identification, these new 
subdiv1s10ns of the previous upper and lower aqu1fer system are as follows: 

1) UPCl - Upper Parachute Creek #1: Approximate limits extend 
. from the base of the Four Senators Zone to the base 

of t'he A-Groove; 

2) UPC2 - Upper Parachute Creek #2: Extends from the base of the 
Four Senators Zone to the base of the A-Groove; 

3) LPC3 - Lower Parachute Creek #3: Extends from 30 feet below the 
base of the A-Groove to the top of the R-S Zone; 

4) LPC4 - Lower Parachute Creek #4: Extends from the middle of the 
R-S Zone to the base of the L-4 Zone. 

Bedrock observation wells are scheduled to be recomp1eted to reflect the new 
aquifer concept. All water level measurements and water quality data inthis 
report are representative of the present two-aquifer ~omp1etions. 

This section rresents the hydrologic analyses performed on the data collected 
on the C-b Tract to date with emphasis on data collected since November, 1976. 
An attempt has been made to tonvert to metric units. However, some of the 
data and analyses are reported in English units at the request of the Area 
Oil Shale Supervisor Office Hydrologic Group. Complete conversion to metric 
units will be made in subsequent Annual Environmental Reports. 
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5.2 Surface Water Studies 

Water quantity and quality data . are collected at U.S.G.S. Gauging 
Stations on Piceance Creek and its tributaries in the C-b Tract vicinity in 
connection with an ongoing hydrologic monitoring program. The initial two 
years of the program obtained data relative to baseline conditions. A two
year study, although insufficient to identify trends in stream flow and 
water quality parameters, provided a preliminary basis for estimating their 
variability so that changes could be recognized and assessed. 

Baseline studies indicated the mean flow for the reach of Piceance Creek 
adjacent to the Tract to be approximately fifteen cfs. These studies showed the 
water of Piceance Creek to be hard to very hard with CaC03 concentrations 
greater than 300 mg/l. The water was found to be a sOdium-ca1cium-magnesium
bicarbonate-sulfate type. 

Data gathered since the end of the baseline period have been used to analyze 
the mean annual flows, annual peak flows, and annual flow minimums of Piceance 
Creek. Water quality parameters were analyzed for time series trends and 
subjected to station-to-station comparisons. 

5.2.1 U.S.G.S. Gauging Stations 

5.2.1.1 Scope and Rationale 

The surface water monitoring program is designed 
to detect unplanned pOint discharges, effluents from non-point discharges , 
and planned discharges from retention ponds. The major emphasis in surface 
water monitoring will involve non-point source pollution and direct discharges 
from storage reservoirs. Sources of these types include: (1) increased 
erosion rates and sediment loads due to construction activities, (2) runoff 
from process plant and paved areas, (3) runoff carrying solids resulting 
from air-borne particulate of gaseous emissions, (4) seepage or runoff from 
shale piles, and (5) infiltration into the groundwater SySt~l from reservoirs, 
ponds, or injection wells, and subsequent discharge at the ground surface. 

5.2.1.2 Objectives 

The monitoring program has been implemented to 
detect any changes in water quantity or quality that might be attributable 
to Tract development. Analysis will be undertaken periodically to identify 
any significant trends or changes between stations relative to discharge and 
water quality parameters. 

5.2.1.3 Experimental Design 

Thirteen surface water gauging stations (Figure 5.2.1-1) 
were constructed on and in the vicinity of C-b Tract by the U. S. Geological 
Survey in cooperation with the Colorado River Water Conservation District. 
The gauging stations constitute the surface water monitoring network, which 
has been in operation since the beginning of the baseline period. 

Nine of the stations are located on ephemeral streams. Stations 007, 061, 
022, and 058, which are located on perennial drainages and considered major 
gauging stations, are given as follows: 
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STATION CODE USGS NUMBER SlATION LOCATION 

WU07 09306007 Piceance Creek below Rio 
81anco 

WU6l 09306061 Piceance Creek at Hunter 
Creek 

WU22 09306022 Stewart Gulch 

WU58 09306058 Willow Creek 

For purposes of analysis, data were drawn from an additional gauging station 
(not shown in Figure 5.2.1-1) which is approximately five miles downstream of 
station 061 on Piceance Creek below Ryan Gulch. 

5.2.1.4 Results and Discussions 

This section is divided into two main sub-sections: 
stream flow and water quality. Stream flow is further divided into studies 
of hydrographs, flood frequency analysis and minimal flow analysis. For each 
of these, methods of analysis and results and discussion are separately 
identified for clarity. 

5.2.1.4.1 Stream Flow: Hydrographs 

Methods of Analysis 

Plots of daily streamflow are given for 
Stations WU07 and WU61 in Figures 85.2.1-37 and 85.2.1-38. The hydrographs show 
the seasonal influence of runoff, evapotranspiration, and irrigation diversions 
on the . flow of Piceance Creek. Flow in Piceance Creek has two components: 
baseflow and seasonal flow. 8asef10w consists of groundwater recharge from 
alluvial aquifers and perched aquifers in the bedrock. Seasonal flow is 
comprised of storm runoff and snowmelt. Decerrber and January records reflect 
baseflow conditions while major irrigation diversions occur during the period 
April through September.. The months of February, March, October and November 
are characterized by variable flows as a function of runoff and off-se~son 
irrigation diversions. 

Total and mean annual streamflows for Stations WU07 and WU6l, as wp.11 as Stations 
WU22 and WU58 are given below (Table 5.2.1-1). Station WU22 man ' tors the tri
butary draining Stewart Gulch and Station WU58 gauges the flow of Willow Cre~k. 

Water Year 

1975 
1976 
1977 

TABLE 5.2.1-1 TOTAL AND MEAN ANNUAL STREAM FLOW 

Sta. WU07 Sta. 
To ta l Mean Tot~ 1 
(ft 3 ) (c fs ) (ft ) 

4866 13.3 710 
3653 10.0 674 
1831 5.0 503 

WU22 

27 
141 

Mean 
(cfs) 

2. 0 
1.8 
1.4 

Sta. WU58 
Total Mean 
(ft3) (cfs) 

725 2.0 
865 2.4 
508 1.4 

Sta. WU61 
Tot3l Mean 
(ft ) (cfs) 

6624 1 S. 1 
6069 16.6 
3604 9.9 

..J 



Results and Discussion 

Discharge totals and mean values recorded 
for the stations drainin g the two perennial tributaries of Piceance Creek in 
the Tract vicinity are st ri ingly similar. The similarity can be attributed 
to com~arable drainage area~ (D~ Willow Creek.= 48.7 mi 2; DA Stewart Gulch = 
43.4 m1 2), bedrock, and vegetatlon. A comparlson of mean flows for Station 
WU07 (upstream) and Station WU6l (downstream) indicates a five cfs gain in discharge 
between stations. Mean discharge values of the Stewart Gulch and Willow Creek 
tributaries suggest that 75% of the flow increase between the Piceance Creek 
stations ;s due to surface water contributions. Presumably 25% of the gain 
may be attributed to groundwater inflow. 

5.2.1.4.2 Stream Flow: Flood Frequency Analysis 

Methods of Analysis 

Prediction of the magnitudes of peak 
discharges for given frequencies at a gauging station or the recurrence 
intervals of floods of selected magnitudes is facilitated by flood frequency 
analysis. The analysis entails fitting a probability distribution to a sample 
of floods gauged at a station. 

Piceance Creek is monitorea by one gauging station with records of adequate 
length to perform a fl00d frequency analysis. U.S.G.S. Station 09306200 
on Piceance Creek below Ryan Gulch has been in operation since 1965. Where 
no flood records exist for a given site or where the brevity of record precludes 
analysiS for station records, other stations in the area provide records which 
can be regionalized and applied to the prediction of floods. Regional flood 
frequency curves were derived for two stream gauging stations U.S.G.S. 09306007 
and 09306061. Station WU07, on Piceance Creek below Rio Blanco, is upstream of 
tributaries which drain C-b Tract while Station WU6l is downstream, above the 
mouth of Hunter Creek. 

After a minimum of te~ years of record has been obtained for an individual 
station, flood frequency analysis may be performed and compared to the 
corresponding regional curve . Results obtained from the regional curve will 
be of the same order of magnitude as those derived from station data. 

A flood frequency curve (Figure 5.2.1-2) was plotted using annual peak 
discharges for water years 1966-1977. The maximum instantaneous discharge of 
each year was r anked in order of decreasing discharge and the corresponding 
recurrence interval was determined. (Table 5.2.1-2.) 

The recurrence interval equals ~. where n is the number of years of record 
and m is the rank. 

Errors are inherent in flood frequ~ncy analysis for single stations due to 
(1) the brevity of most records, (2) the characteristic variability of floods. 
and (3) the difficulty of fitting theoretical frequency distributions to the 
sample record. In Figure 5.2.1-2. confidence bands were determined by 
multiplying coefficients (Beard. 1962) for the 90% confidence level by the 
standard deviation of the sample (0 = 92.7). Products obtained were added or 
subtracted for various discharges of the curve to produce upper and l ower 
confidence bands. 
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TABLE 5.2.1-2 

ANNUAL MAX mUM FLOW RATE 
Rank Recurrence 

Year F10wrate {cfs} Order {m) Interval {~ears} 

1966 400 1 13.00 
1971 211 2 6.50 
1968 184 3 4.33 
1969 141 4 3.25 
1977 136 5 2.60 
1972 121 6 2. 17 
1976 107 7 1.86 
1970 104 8 1.63 
1973 100 9 1.44 
1967 75 10 1.30 
1974 69 11 1. 18 
1975 60 12 1.08 

The confidence bands define the zone within which there is a 90% chance that 
the true value for that recurrence interval will lie. 

Regional flood frequency curves for Stations WU07 and WU61 were developed 
according to the method described by T. Dalrymple in USGS Water Supply Paper 
No. 1683, Magnitude and Freguer.cy of Floods in the United States. 

In order to apply the method, the Colorado River Basin is divided into flood 
frequency regions (A-F) and hydrologic areas (1-13). The two gauging stations 
were determined to be in flood frequency regions "C" and hydrologic area "13". 
The drainage area upstream from each ~auge was obtained from USGS water
discharge records. Topographic maps (1:250,000) of the Grand Junction, Vernal, 
and Leadville areas were used to determine the mean altitude of drainage areas 
by averaging more than thirty elevations obtained at intersections of a super
imposed grid system. The mean altitude of the drainage area upstream from 
Station WU07 was determined to be approximately 7590 feet. The drainage area 
upstream of Station WU61 has a mean altitude of approximately 7460 feet. 

Given drainage area and mean altitude, the discharge of the mean annual flood 
(MAF) can be interpolated from the curves given in Figure 5.2.1-3. The MAF 
for Station WU07 was found to be 330 cfs while the ~'AF for Station WU61 was 
determined to be 475 cfs. The MAF can also be derived from the equation 

Q2.33 = 0.35 A·74 H1.5 

Where Q2.33 is the MAF in cfs, A is the drainage area in square miles, and H 
is the mean altitude of the basin in thousands of feet above mean sea level. 
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The curve for flood frequency region "c" in Figure 5.2.1-4 yields the ratio 
of the selected recurrence interval corresponding to the MAF. The ratio ~ , 
;s mul t ip lied by the MAF to obtain the flood discharge of the desired ~ frequency. (Table 5.2.1-3) 

TABLE 5.2.1-3 REGIONAL FLOOD FREQUENCY DATA 

~ Station 007 Station 061 Recurrence Interval, years Q, cfs Q, cfs 
1.5 0.5 165 238 2 0.8 264 380 5 1.9 627 902 10 2.3 759 1092 20 3.3 1089 1568 50 4.5 1485 2137 

Discharges of various recurrence intervals were plotted to s ketch the reg ional flood frequency curves in Figures 5.2 . 1-5. 

Results and Discussion 

Annual flood peaks at Station 200 for the period of record have generally been less than 200 cfs. The mean annual flood 
for the station, approximately 125 cfs, corresponds to a recurrence interval 
of 2.33 years. In any given year, the MAF has about a 46% chance of being equal lea or exceeded. 

In a flood frequency 
charge corresponding 
of any given stream. 
and corresponds to a 
below Ryan Gulch. 

distribution, empirical evidence has shown that the di s
to a 1.5 year recurrence interval will overfl ow the ba nks 
The discharge (01 5) is termed the "bankfull discharge" 

flood peak of approximately 100 cfs for the station 

The 400 cfs flood peak of 1966 falls out of the range defined by the 90% 
confidence bands and thus is assumed to have a recurrence interval greater than the period of record. 

Regional flood frequency curves for Stations WU07 and WU61 were obtained in view 
of the short duration of streamflow records. Slopes of the curves are greater 
than the slope derived from station data below Ryan Gulch. Topography and pre
cipitation characteristics are compa rable at all three stations and the curves 
should be roughly parallel. The regional curves probably suggest higher 
discharges for given recurrence in tervals than will be observed in future station 
records. The maximum peak flow recorded for Station WU07 since the gauge betame 
operational in 1974 is 520 cfs (July 19, 1977). The maximum peak flow at 
Station WU61 Occurred September 3, 1977 and measures 492 cfs. 

5.2 . 1.4.3 Stream Flow: Minimum Flow Anal YSis 

Methods of Analysis 

Extreme low flow at a station for peri ods of various lengths may be averaged and subjected to frequency analysis in t he same manner as flood peaks . 
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Periods of 1 day, 7 days, 14 days, 30 days, and 60 days were studied for each 
year of record for Station 200 to determine the lowest flow average over each 
respective period. The annual seven-day minimum flow averages were ranked 
and recurrence intervals were calculated. The plots of discharge versus recur
rence interval were used to sketch the seven-day minimum flow curve as well as 
the other curves shown in Figure 5.2.1-6. 

Results and Discussion 

For eleven years of record, one-day mini
mum flows ranged from less than 1 cfs to approximately 13 cfs. For any given 
year there is a 50% chance that the one-day minimum flow will be less than 
2.5 cfs (R.I. equals two years). Similarly, the sixty-day minimum flow average 
for any given year has a 50% chance of being less than 8 cfs. As the period of 
record lengthens, the predictions of discharges will better correspond to their 
true recurrence intervals. 

Survival of stream biota is predicated on maintenance of certain minimum stream 
discharges. Low flows of lengthy duration can also concentrate water quality 
parameters in a manner that may also endanger aquatic organisms. Any assessment 
of the impact of oil shale development on water quality must take into account 
natural tendencies which may also have adverse effects. Minimum flow analysis 
thus enables prediction of low flow events which may threaten the stream habitat 
while also providing instructive information for use in setting effluent stan
dards for various parameters. 

Irrigation is a major factor contributing to low flow. Piceance Creek water is 
diverted to irrigate hay meadows, primarily April through September, although 
in years of favorable temperatures irri9ation may extend into November. In some 
instances, the entire flow of the Creek is diverted onto the fields, reducing 
visible streamflow to near zero or comp1eteJy dewatering downstream reaches for 
varying lengths of time. 

5.2.1.4.4 Water Quality 

Methods af Analysis 

Class 1 water-qua1ity-re1ated variables 
for stations WU07, WU22, WU58, and WU61 have been plotted as time series and 
are reported in Appendix B. Two groups of parameters were selected for time 
series trend analysis of monthly averages from these stations. The first group 
of data is comprised of monthly values of pH, boron, fluoride, and arsenic for 
the period October 1974 - May 1978. Trend analysis of flow, phenol, molybdenum, 
sulfate, and sodium concentrations are based on data obtained monthly during the 
period October 1974 - June 1978. In the event of missing data, 1inearly
interpolated values are substituted because time series analyses require data 
values for each time period. 

The Box-Jenkins process features an identification stage which allows the user 
to specify the number of autoregressive and moving average parameters from the 
plots of the autocorrelation function (ACF) and the partial autocorrelation 

34 
748 



0.90 0.50 0 .20 0.10 005 . 002 . 001 . -

~ 
I , I I I I 

EXC££lJCNC£ 
of PROBABILITY 

f---- - . _. . -- -- - 1-. 18 
FIG. 5.2.1 - 6 

<; LOW FLOW FREQUENCY CURVES h. 
~ 

Piceance Creek below Ryan Gulch 16 ~ 1--- - -- - . 

~ 

~ 
USGS 09306200 

XI\ 
r-... 

1967 -1977 
14 \\ \ ~ 

~ ~ 

\ ~ 
12 ~ \ \ \ ~ 

1\ \ \ ED 
~ -

~( \ \ 
10 

C) 

) r\< P\ 
I ~ 

8 

\ \ ~'\ ~. 
, 
~ 

\ ~ 

", 
'-

\ ~ '" ~ 6 

~ ~X~~r~~ 
4 ---- - "l~~N~" 

~ 
I 

~ 60- DAY MINIMUM FLOW 

~ ~~ -

r- - - t"-.. I"-..... r--....... 
... 30 · DAY MINIMUM FLOW ,... 2 

~ ~ r-----~ 14- DAY MINIMUM FLOW 

I r-A--r--~'l( 7 - DAY MINIMUM FLOW I I RECURRENCE INTERVAL (Yrs. I 

1 __ 1 I t- In I - DAY. MINI..,UM ~LO\y ! I I I I I I I I I 

1. 01 1.1 1. 2 1. 3 I. 5 345 10 20 40 50 100 200 



function (PACF). Parameter estimation, forecasting, and diagnostic checking 
constitute the second stage. If the model is over-specified, non-significant 
parameters are removed and the model respecified. Diagnostic checking involves 
detenmining that the mean of the residuals is within reasonable confidence limits 
of zero and that there are no significant tenms in the ACr of the lagged 
residuals. The program provides a chi-square test in order to test the latter 
hypothesis. Appendix AS.2.1D presents a summary of the Box-Jenkins Time Series 
Analysis Techniques. 

For station-to-station comparisons, mean values of the parameters, specific 
conductivity, total dissolved solids, pH, arsenic, boron, fluoride, molybdenum, 
phenol, sulfate, and sodium were analyzed using T-test to facilitate comparison 
of the equality of the population means between stations. The procedure com
putes T-statistics testing the above hypothesis assuming both equal and unequal 
variances. The probability associated with the T-statistics using unequal 
variances is used to detenmine acceptance or rejection of the null hypothesis 
(means not equal). A 90% confidence limit was selected, such that the null 
hypothesis is accepted if the probability of the two means being equal (PROB>T) 
is 0.1000 or less. For each location and variable, the number of observations, 
mean standard deviation, standard error of the mean, and the range of values 
are provided. An F-statistic is also computed to test for equality of the two 
variances. 

Results and Discussion 

Appendix AS.2.1A contains the re$ults of 
time series analyses perfonmed on pH, boron, fluoride, and arsenic using Box
Jenkins techniques. None of the time series analyses indicated the presence of 
a significant trend parameter. Forty-four data points appear to be insufficient 
to generate a seasonal (lag 12) moving-average parameter. In most cases, the 
seasonality parameter was forced in order to improve the forecasts. The seasonal 
parameters are expected to become significant as more data become availablp.. 

Flow, sulfate, and sodium concentration data were analyzed with the OXY Box
Jenkins model. The results are presented in Tables AS.2.1A-l to -3. Both a 
seasonal (lag 12) moving average and a trend parameter proved insignificant in 
all of the analyses. The available data exhibit no seasonality characteristics 
or trends over time; i.e. the ~eries mean value best characterizes the data. A 
model with an autoregressive parameter at lag one fits the data satisfactorily 
as indicated by the insignificance of the residuals (Chi-square test). Two 
exceptions occur, the first being the sulfate concentrations at Station WU07 
which has an autoregressive parameter at lag four and the second being the sodium 
concentrations at Station WU22 with autoregressive parameters at four and eight. 
No explanation for these time lags can be made except that the analysis identifies 
them as Significant to the model. 

The water quality parameters selected for analysis thus show no overall trends 
over time. Predictions based on the available data can best be approximated 
using the time series mean as shown by the low chi-square value of the original 
data. Seasonality is not evident in the available data and autoregressive 
models explain the observed series. 
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Station-to-station comparisons were made with USGS Stations WU07, WU22, WU58, 
and WU61. For each pairing of these stations, the acceptance of equal means 
was variable for the parameters examined. No clear-cut spatial relationship 
between these stations can be identified because of the inconsistency of the 
results. Significant change between stations for the various parameters is sum
marized in Table 5.2.1-4. In the table, an "A" indicates acceptance of the null 
hypothesis that the means are unequal. Fluoride (F) and sulfate (S04) show 
unequal means between each pair of stations. The remaining parameters have some 
stations indicating differences in means. 

5.2.1.5 Conclusions 

Available streamflow data allow limited predictions 
of mean annual flow, peak flows, and minimum flows on Piceance Creek. During 
the period of record, mean flow was observed to be about 10 cfs at Station WU07 
and about 15 cfs at Station WU6l. Streamflow records of the station below 
Ryan Gulch indicate the mean of annual peak flows is approximately 125 cfs. 
Stat~ons WU61 and WU07 might be expected to exhibit a smaller mean insofar as 
they are upstream and drain smaller areas. Minimum flow analysis suggests that 
Piceance Creek discharge averages less than 20 cfs for periods as long as 60 
days in any given year. One-day minimum flow averages may be less than 1 cfs. 
Reed identifies irrigation as a major cause of low flow during growing season. 

Time series trend analyses and station-to-station comparisons of water quality 
were hampered by the paucity of data; no trends have been found to date. As the 
d3ta base is enhanced, statistical evaluation of trends is expected to become 
more meaningful. 

5.2.2 Springs and Seeps 

5.2.2.1 Scope and Rationale 

Ten springs provide data for flow and water quality 
analysis on and in the vicinity of C-b Tract. The springs, shown in Figure 
5.2 .2-1, correspond to the following station codes: WS01, WS02, WS03, WS04, 
(I/S06, WS07, WS08, WS09, and WSlO . Discharge from springs in the Uinta Fonnation 
may be affected as shafts are developed and dewatered. The monitoring frequency 
was increased to vleek ly beginning February, 1979 to better gauge the impact of 
shaft dewa te ring. The same indicator variables used to analyze the USGS station 
data are ex am ined. 

5.2.2.2 Objectives 

The primary analysis objective is to detennine the 
effect of de velopment and dewatering on sprirlg water quantity and qual ity. Water 
level d~ta are insufficient for analysi s purposes at this time. Quality para
meters are examined for possible time trends and for di fferences between stations 
over the developmen t period. 

5.2.2.3 Experimental Design 

Under natural conditions, the quality of surface 
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Table 5.2.1-4 

T-TEST PROCEDURE SUMMARY FOR BETWEEN-STATION COMPARISONS 
OF WATER QUALITY PARAMETERS AT USGS STATIONS 

Stations Stations Stations Stations Stations Stations 
Variables 6007-6022 6007-6058 6007-6061 6022-6061 6058-6061 6058-6022 

pH R A R R A A 

B A A R A A R 

F A A A A A A 

As A A R A R R 

""" w Olo:> Mb I\) R k R R R R 

S04 A A A A A A 

Na R R A A A R 

NH3 A R R A A R 

Spec Cond A A A R A A 

TDS A A A R R A 

Note: Table entries indicate acceptance (A) or rejection (R) of null hypothesis . 
Ho: The paired station means are not equal . (90% confidence limit ) 
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water in springs and seeps was changed slowly but perceptibly with time as was 
demonstrated by the baseline data. Rates of change are related to rates of 
flow, which are determined by hydro-geologic considerations. Some groundwater 
basins unaffected by man show annual fluctuations in quality produced by seasonal 
variations in precipitation, aquifer recharge, water table levels, and discharge 
rates. The influence of man and industrial development is often marked as an 
increase in the amplitude of annual variation in quality along with a progres
sive decrease in average quality. To observe this change, if it does occur, 
indicator variables are analyzed for time trends and differences between sta
tions. Multiple correlations and linear regression between parameters are used 
to test the following hypothesis: 1) dewatering will not affect water quality 
and quantity of springs and seeps, and 2) construction has no affect on water 
quality. 

5.2.2.4 Method of Analysi s 

A linear regression is performed on the periodic 
observations of the various water quality parameters. 

The independent time variab'le, YRMO, includes year and month infonnation with 
the value being incremented for each month of a particular year; e.g. 74.0 
represents January 1974. In order to test the hypothesis that the slope of the 
linear regression line is zero, two parameters from the SAS General Linear 
Models (GLM) procedure are examined. 

The first test is to compare the model's estimate of the slope with the corres
ponding standard error of the estimate. The T-statistic at a 95% confidence 
interval with the appropriate degrees of freedom is then obtained from T-statistic 
tables. A 95% probability exists such that the true value of the estimate lie s 
in the range (mt a) where t" ;s the estimate of the slope and a is the standat'd 
error of the estimate. The T-statistic varies for the number of degrees of free
do~ and is reflected in the range calculations. 

The second pa rameter exami ned from the GU1 procedure is the probabil i ty tha t 
the slope is not zero. The procedure calculates a T-value for HO: Slope = 0, 
from ~/hich the probability of the slope having a value signi ficantly different 
from zero can be obtained. 

5.2.2.5 Results and Discussion 

Trends Over Time 

Trend analysis Tables A5.2.2A-l through A5.2.2A-7 
summdrize the results of the statistical analyses of trends. The units for 
the analyses are milligrams/liter. The small number of observations are the 
result of the springs being dry for several months of the year. Significant 
trends identified by station are: 

Location USOl - Both pH and S04 values exhibited significan t trends. 
Since the sulfate values are downward-trending, their significance is 
not of concern. An examination of the data shows that the upward trend 
in pH values is larqely due to a value of 9.2, (abnormally high) recorded 
in December 1977. Sinc~ the previous observation was taken in October 
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1976, it is difficult to conclude if the high value was a result of 
steadily increasing pH values or an isolated, perhaps spurious value. 

Location WS02 - All slopes were non-significant, except for sodium, Na, 
Which shows a positive trend. However, again only five observations 
were taken and the last observation, which was substantially higher, 
precipitated the trend. Subsequent observations are therefore needed 
to find out if the higher values persist. 

Location WS03 - Values for boron, sodium and molybdenum show negative 
trends, which are not critical and probably are a reflection of some 
high measurements taken in October 1974. 

Location WS04 - Data were not analyzed because all parameters consisted 
of four or less observations. 

Location WS06 - No significant trends are detected. 

Location WS07 - No ~ignificant trends are detected. 

Location US08 - Data were not analyzed because al l parameters consisted 
of four or 1pss observations. 

Location WS09 - Boron was the only pardmeter showing a negative trend 
responding to high values reported in Fall of 1974 and 1975. 

Location ~ISlO - Substantially higher sulfate Jnd arsenic readings in 
December 1977 and June 1978 display positive (upward) trends. Subsequent 
sulfate and arsenic analyses at this station will detennine if this 
upward trend continues. 

Trends Between Stations 

Comparison of the Means-between-Stations, Table 
5. 2. 2-1 , summarizes the results of statistical hypothesis that mean values 
between stations are different. 

5.2.2.6 Conclusions 

The statistical analysis suggests water quality of 
springs has not significantly changed over the baseline and subsequent devel
opment period . A few isolated statistical trends can be satisfactorily 
explained by the paucity of data or by abnonnally high or low values (which are 
probably spurious) . As more data become available , the statistical reliability 
will improve with a resulting increase in confidence of the results. 

5.3 Ground Water Studies 

5.3 .1 Alluvial Wells 

5.3 .1.1 Scope and Rationale 

Data from alluvlal wells corresponding to station 
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Table 5.2. 2-1 

T-test Procedure Summary for Between-station Comparisons of Springs and Seep~ 

Locations Locations locations locations locations Locations Variables W50l-WS03 WS01-WS06 WS01-WS07 WS03-WS06 WS03-WS07 WS06-WS07 

pH R R R R R R 

B R R R R R R 

F R R R A R R 
As R R R R R R 
4b R R R R R R 

504 R R R R R R 

Na R R R R R R 

NH3 R R R R R R 

Spec Cond R R R R R R 

T05 R R R A R R 

Note : Table entries i ndicate acceptance (A) or rej ection (R) of null hypothesis 
Ho : The paired stat ion means are not equal . (90% conficence limit) . 

;r~ . ~' . . .......... • . , . 



codes WAD1-WA12 are analyzed to test for possible changes in water level and 
selected quality parameters. The indicator variables defined in Section 5.2.1 
are selected for statistical analysis. Figure 5.3.1-1 shows the location of the 
alluvial wells, which monitor each drainage in the C-b Tract vicinity. 

5.3.1.2 Objectives 

Objectives of alluvial well data analysis are detec
tions of (1) significant rise or fall in water levels in wells, which might be 
attributed to pond seepage or dewatering, and (2) water quality trends over 
time or changes between stations during development of the Tract. 

5.3.1.3 Experimental Design and Data Analysis 

In order to cha~acterile changes in alluvial aquifers, 
monthly measurements of water level and semi-annual analyses of water quality are 
presently obtained. Possible effects of surface disturbance, construction, shale 
pile development, impoundments and dewatering will be evaluated through time
trend and correlation analyses of water quality and quantity parameters. 

5.3.1.4 Method of Analysis 

(a) Water levels 

Monthly water level measurements for four selected alluvial wells (~A03, WADS, 
WA06, ~nd WAD8) were analyzed for time trends and for differences between level 
measurements using standard statistical null hypothesis tests. 

Time series plots of the water level data are al~o presented and qualitatively 
interpreted. 

(b) Water quality 

The statistical anal sis of trends was accomplished by linear regression tech
niques which are described in Section 5.2.2.4. Parameter means between stations 
are compared by T-test for Class 1 indicator variables and stations only. 

Frequency of data collection has varied from D-3 observations per year. The 
irregularity and scarcity of data indicate that subjective evaluation of either 
abnormally high or low values should be Made prior to drawing conclusions. 

5.3.1.5 Results and Discussion 

(a) Water levels 

Time series plots of water level in four selected alluvial wells (WAD3, WADS, 
WAD6~ and WAD8) are presented in Appendix B as Figures B5.3.1-13, 85.3.1-14, 
B5.3.1-l5, and B5.3 .1-1 6. Qualitative interpretation of the figures indicates 
a possible trend toward lower water level in well WAD3. The data suggest an 
annual cyc e with highest water levels occurring in July and lowest water levels 
occurring in April. WADS. however, remained relatively constant across all 
month~. Year 1977 shows lowest annual average level possible reflecting the low 
precipitation occurring that year. 
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Linear regression analysis was used to calculate the regression of water 
level with time. The hypothesis that the slope of the regression line is zero 
was tested for each of the same four wells. The hypothesis was accepted 
at the S% level of significance for all wells indicating the samples statisti
cally could have been taken from wells with no time trend. Results are shown in 
Appendix Table AS.3.1A-12. 

Comparison of the mean water levels in the four wells resulted in rejecting 
hypotheses of equal water levels in paired comparisons except for wells WAOS 
and WA06 which accepted the hypothesis. Tests were made at the 5% level of 
significance. 

(b) Trend Analyses 

The results of trend analyses are tabulated for each well in Appendix Tables 
AS.3.1A-l - A5.3.1A-11. Units are milligrams per liter. A brief summary is 
presented below: 

Station WA01 - No significant trends were detected for any of the indicator 
variables except for sulfate (SO) concentration. However, the trend is 
not critical because it is negative and does not reflect higher concentra
tions with time. An examination of the data shows that the S04 COII

centrations i~ere relatively constant over the baseline period (1976), but 
dropped sharply in a March 1978 measurement. The low measurement, coupled 
with a relatively high value in October 1974, precipitated the statistical 
trend. 

Station WA02 - No significant trends were detected. 
observations of each parameter results in very wide 
but the observations are even1y spaced such that no 
system. 

The small number of 
confidence intervals, 
bias exists in the 

Station WA03 - Both fluoride ana sodium concentra~ions exhibit significant 
trends which slope downward, indicating no contamination of the ground 
water. An abnonnally high value for sodium was obtained in October 1974 
which was approximately twice the value observed in subsequent measure
ments made in 1976 and 1978. The same is true for fluorine, which had a 
value of 1.90 in October 1974 and values approximately 0.40 in subsequent 
analyses. 

Station WAOS - The parameters showed no significant trends with time. A 
maximum of six observdtions were made. 

Station WA06 - The following paY"arreters had slopes significantly different 
from zero: B, F, S04' Na. They are all negative slopes; thus no increase 
in parameter concentration is indicated. High parameter values recorded 
in October 1974 caused the trends to appear. 

Station WA07 - The analyses of B, F, and Na indicate a trend in a negative 
direction. 
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Station WAOS - No significant trends are detected. 

Station WA09 - No significant trends are detected. 

Station WA10 - The S04 concentrations show a negative trend. However. 
the molybdenum analyses show a positive trend. A very low value was 
n~(;orded for lIlo1ybdenum in October 1974 followed by more or less constant 
t'eadings fer the next four observations. The abnormally low value 
dictated the upward trend since there were only five observations. The 
data indicate that the resulting upward trend was not caused by consis
tently higher values with time. If the low value is considered spurious, 
then the remaining four observations do not constitute a trend. 

Station WAll - No significant trends are detected. 

Station WA12 - No significant trends are detected. 

(c) Comparison of Station Means 

Appendix Table AS.3.1A-12 summarizes the results of T-test comparisons of 
parameter means. The comparisons are limited to the four stations identified as 
Class 1 indicator variables in Section 4.2.1. 

With few exceptions, the null hypothesis is rejected between alluvial well 
locations indicating no significant changes in mean values of water quality 
parameters. The means of all ten parameters are not s i gnificantly different 
between locations WA03-WAOS and WAOS-WAOS. Specific conductance displayed 
significantly different means between the following location pairs: WA03-WA06, 
WA03-WAOS, WA06-WAOS, WA06-WAOS. 

5.3.1.6 Conclusions 

The statistical analysis of available water 
quality data shows no overall trends over the period extending from the 
baseline period to the early part of 1978. Conclusions reached through this 
type of analysis are tentative due to thE: low frequency of data collection and 
consequent paucity of data. 

Comparison of means between stations showed no significant differences for 
most comparisons. The notable exception is for specific conductance, which showed 
differences in four of the six comparisons. 

S.3.2 Upper Aquifer (UPC1' UPC2) and Lower Aquifer (LPC3' LPC4) 

S.3.2.1 Scope and Rationale 

Data from gross water-bearing ~ nterva1s above and 
below the Mahogany Zone were reviewed to assess changes in water level as well 
as water quality at various depths over time. 

46 
760 



5.3.2.2 Objectives 

Water level characteristics of aquifers above and 
below the Mahogany Zone will be compared to levels obtained after the onset of 
dewatering operations initiated in early 1979. Water level contour maps for 
1976-1978 thus provide baseline information. 

Water quality at the various depths over time is assessed for statistical sig
nificance for the following parameters: specific conductance, boron, aluminum, 
potassium, total dissolved solids, calcium, sodium, ammonia, and magnesium. The 
data presented are indicative of baseline conditions since subsurface activities 
(i.e. shaft-sinking) were not initiated until early 1979. 

5.3.2.3 Experimental Design 

Water level contour maps were generated for the two 
intervals to observe changes in head of the respective aquifers during the period 
November 1976 - November 1978. Well locations are given in Figure 5.3.2-1. 

Five succeeding deeper intervals in the UPC2 and the LPC3 zones were analyzed for 
changes in water quality during t he period 1976-1977. In the UPC2 zone, analyses 
of water quality in succeeding1y deeper open intervals in the well completions of 
5G-9-2, Cb-2, 5G-11-3, AT-1C-3, and Cb-4 were used. Water quality parameters 
characteristic of AT-1C-1, which is open to the LPC3 zone, were also analyzed. 

5.3.2.4 Method of Analysis 

(a) Water levels 

Water level ontour maps weie generated on a monthly basis for the water-bearing 
zones above and below the Mahogany Zone. Contours are drawn at 50-foot intervals 
on base maps showing the C-b Tract boundary and well locations with corresponding 
water levels. A representative map of the Upper Aquifer is given in Figure 
5.3.2-2. Additional plots are compiled in Appendix A5.3.2B. Plots for certain 
months are not given due to missing data or insufficient data to generate mean
ingful contours. Contour maps of lower aquifer water levels will be generated 
at a later date. 

(b) ~later quality 

Analysis of variance was used in a 5 x 4 factorial design to assess the signifi
cance of depth and time on the selected wa ter quality parameters. Originally, 
the data were organized in a factorial design matrix of the form 2 x 5 x 4 
representing level classifications: 

2. Aquifer depth levels (UPC2 and LPC3). 

5. Graduated depth levels within the aquifer 

4. Time Periods (1974, 1975, 1976, 1977). 
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Figure 5.3.2-2 Potentiometric Surface Map - Upper Aquifer November 1976 
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Incomplete data precluded use of aquifer depth levels so th~t the data were 
analyzed for depth and time trend only. Groups of data which have missing 
data points have been omitted from analyses and are cross-hatched in tabulated 
results. The Source of variation. sum of the squares. number of degree~ of 
freedom. mean square, and F-statistics were also calculated. A significant 
(a = O.qS) F-'Statistic is followed by a double asterisk in these tables. 

, S.3.2.~ Resv~ts and Discussion 

Water level contour maps will be used to gauge 
changes of head in the aquifers during shaft-sinking and mining dewatering 
operations. 

Tables AS.3.2A-l through AS.l.2A-9 summarize the analysis of variance for the 
groundwater quality parameters. All parameters. with the exception of boron. 
have non-significant F-values with respect to time such that no trend exists 
over time. Boron shows a reduction in concentration with time suggesting 
that no adverse changes are indicated. 

The analysis shows that the specific conductanc~. potassium, total dissolved 
solids, calcium. sodium, and magnesium show trends with increasing depth. 
The wells completed in the UPC2 zone show higher concentrations than the 
well completed in the LPC3 zone. 

5.3.2.6 Conclusions 

Water levels exhibit small fluctuations over time 
such that changes due to dewatering will be readily detected. 

Bedrock wells show no significant signs of diminishing water quality over time. 
The depth relationships, although ascertained with a small amount of data, 
seem to indicate a lack of communication between the aquifers above and below 
the Mahogany Zone. Station-to-station comparisons are achieved through ordering 
of the data according to depth . 
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6.0 AIR QUALITY AND METEOROLOGY 

6.1 Introduction and Scope 

The lease stipulated that, during Baseline, air quality be monitored 
over the entire lease year at four locations for sulfur dioxide, hydrogen 
sulfide, and suspended particulates using continuous recorders where applicable. 
The Lessee was also required to monitor hydrocarbons, oxides of nitrogen, and 
other pollutants. The Lessee was also required to establish a meteorological 
tower with multilevel instrumentation for measurements of wind speed and 
direction, relative humidity, and temperature. Subsequent conditions of ap
proval imposed by the Area Oil Shale Supervisor required that upper air 
studies of temperatures and wind profiles, visibility studies and noise 
studies be conducted. Initial lease requirements, modified during baseline, 
required operational performance efficiency of 90 percent for air quality and 
95 percent for meteorology. 

To satisfy the conditions of the lease and provide additional data, five air 
qua1ity trailers, a 200-foot meteorological tower, three mechanical weather 
stations, two acoustic radars, aircraft, free-flying and tethered balloons, 
special chemical analyses for trace metals, visibility by photometry and 
sound-level measurement techniques were utilized. 

For Development Monitoring, hydrocarbons are no longer required to be monitored, 
the number of air quality trailers has been reduced from five to two, mechanical 
weather stations from three to two, acoustic radars from two to one and trace 
metal studies were deleted. 

Section 6.2 describes the current air quality program and 6.3 the supporting 
meteorological program. 

6.2 Ambient Air Quality 

6.2.1 Gaseous Constituents 

6.2 .1.1 Scope and Rationale 

Continuous monitoring of gaseous components of 
ambient air on and near the C-b Tract has included: 

Sulfur dioxide 
Carbon monoxide 
Ozone 
Hydrogen sulfide 
Oxides of nitrogen 
Nitrogen dioxide 
Nitric oxide 

The monitoring of these is required by the Lease stipulations and under the 
State and Federal air quality regulations. Data collected since November 1. 1976 
have been reduced and analyzed for trends and shifts from the baseline. 
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6.2.1.2 ObJectives 

The objectives of the analyses reported here are: 
a) to demonstrate compliance with applicable regulations; b) to examine 
potential long-term trends from baseline; c) to provide a general air qual ity 
status assessment; d) to identify potential sources of pollutants; e) to 
evaluate the significance of monitoring data. 

6.2.1.3 Experimental Design 

The air quality development monitoring network 
is shown in Figure 6.2.1-1. Environmental baseline data collection ended 
October 31,1976. Starting with November 1,1976 air quality and meteo
rological data have been collected continuously at the meteorological tower 
and air quality trailer site AB23 (formerly 023) located on the C-b Tract. 
Precipitation data have been taken continuously at Piceance Creek air quality 
trailer sites AB20 and AB23. Meteorological and air quality monitoring was 
resumed at this site (AB20) in February 1978. Also commencing in February 197~ 
two additional sites, AD42 and AD56, were activated to monitor particulates, 
wind speed, wind direction and ambient temperature. The data collected at each 
site. the frequency of collection and the start-up dates are shown in Tables 
6.2.1-1 and 6.2.1-2. 

A variety of factors can cause interruptions in continuous monitoring programs 
such as that undertaken at oil shale Tract C-b. In order to provide visibility 
to the usable data collected, data timelines are presented in Figures A6.2.1-1 
through A6.2.1-4 showing by site. and parameter, the periods since November 1, 
1976 for which usable data have been collected. Data co11ect.ion has continued 
since September 1978; it is not yet reduced beyond that pOint. 

Monitoring equipment in use has been subject to changes during the period of 
this report. During September 1978, having discontinued hydrocarbon monitoring, 
the Bendix gas chromatograph, which had been used for hydrocarbons and carbon 
monoxide, was retired. To continue monitoring of carbon monoxide, Beckman 
Model 866 non-dispersive infrared CO analyzers were installed in Stations AB20 
and AB23. During March-July of 1977 an improved model of the sulfur gas 
analyzer previously used was installed in Station AB23 in parallel with the 
older unit. The new analyzer, a Meloy SA-185-2A has been in use since that 
time. In January 1978, Monitor Labs Model 8440E NO/NOx monitors were installed 
in Stations A820 and AB23, replacing the Meloy Model NA-520-2 analyzers 
previously in use. In each of the above changes, the new instrument is an EPA 
designated reference or equivalent method. 

Specifications for all instruments are detailed in Table A6.2.1 -1. 

6.2.1.4 Results and Discussion 

Results are grouped into separate studies and 
conclusions for each are drawn. 
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AMBIENT AIR QUALI TY DEVELOPMENT MONITORING NETWORK 

Note ' Syst me; Dependent 

FIGURE 6 .2 I-I 
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TABLI~ 6.2.1-2 

ABMIENT AIR QUALITY AND METEOROLOGY SAMPLING AND REPORTING 

FREQUENCIES 

Symbols appear on Table 6.2.1-1 

Minimum ~1i n imum 
Sampling Average Report 

Frequency Time 

10-seconds 5-minutes 

5-minutes 5-minutes 

Continuous l-hour 

Every 3rd 24-hours 
day 

20-seconds 5-minutes 

Approx. Approx. 
30-seconds 30-seconds 

l4-seconds 

7 times per Hourly 
day every 6th 
day for 20 
days in Spring 
and 20 days in 
Fa 11 

Continuous l-hour 
for approx. 
2 days 

Weekly Weekly 

Frequency 

l-hour 

l-hour 

l-hour 

24-hours 
every 3rd 

l-hour 

Approx. 
30-seconds 

l-hour 

Daily 
(w/hourly 
max/min.) 

l-hour 

Weekly 
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day 

Description 

AQ & Low Alt. Meteorology 

AQ & Low Alt. Meteorology 

Precipitation 

Particulates 

Temp. difference from 10-meter 
to 60-meter on Met. Tower 

Double Theodolite Min1sonde 

Inversion Height/Mixing Layer 
from Acoustic Sounder 

Joint V1sibi1ity study with 
C-a from Hunter Creek Site 

SF6 Tracer Studies for Air 
Diffusion Mode1 Validation 

Evapora ti on 





6.2.1.4.1 Data Uncertainty 

Scope and Rationale 

Much of the gaseous constituent data. 
with the exception of ozone. represent levels of concentration at or near 
the measurement threshold of the instrumentation. Data in this range must 
be interpreted with care due to several factors: 

• Constant sources of error such as electronic noise and 
concentration fluctuations due to pressure and flow 
fluctuations in the instrument can represent a large 
percentage of the total output for low concentrations. 

• It is generally not possible to calibrate ambient monitors 
at low concentrations with available calibration equipment. 

• Each instrument is subject to a minimum detection level. 
below which the output can only be interpreted as noise. 

In attempting to use such low-level data in correlative or predictive analysis. 
one must first determine the level of significance of the data as this will 
have a pronounced effect on the validity of any such analyses. This approach 
is indicated for the data on sulfur dioxide. hydrogen sulfide. nitrogen oxides. 
and carbon monoxide. 

With respect to ozone. the measured concentrations have typically been well 
above the measurement threshold of the instrument. Nonetheless. there will 
be a degree of uncertain~y attached to the ozone data which should be known 
and considered in relation to any data analysis. 

Objectives 

• To establish bounds of expected error for all gaseous 
monitoring data. 

• To determine criteria of suitability for analysis 
for each data set. 

Method of Analysis 

A thorough analysis of data err~ ~ requires 
primary information in three discrete areas: 

1. Validity of the measurement method (e.g., Flame photometric detection 
for sulfur gases). 

2. Preci sion of succesive measurement ~ at a constant concentration. 
expressed as the stand~ rd deviation. 

3. Accuracy obtainable with the meas uring system. 
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The criterion of method validity rests on the theoretical hasis of the method. 
In the case of ambient air monitors, the methods in use (especially those 
which are EPA reference or equivalent methods) are generally recognized through 
experience to be valid for the constituent in question. 

The validity of the method is determined by establishing the appropriateness 
of the chemistry and physics of the analytical method. For instance, 502 
analyzers using the flame photometric detector systems presume all 502 atoms 
will release the same quantum of energy (E) as a result of excitation by a 
hydrogen cxyge~ flame. The assumption is established by the accepted law 
E=hn• where h=Planck's constant and n is frequency of the radiation; hence the 
validity of the method is determined. The question of equipment response 
is a different matter, that is for each hn emitted, the photomultiplier does 
not necessarily produce a detectable signal. Therefore, the equiprlent response 
can be less sens i tive than actual physics of the detector . Also, each atom of 
502 may not reach an excited state thereby biaSing the response on the low side. 
Difficulties with amplifier circuits receiving the photomultiplier output, and 
attenuating circuits, incrementing the output all contributed to produce a 
very complex systematic error in measuring hn• 

To establish data scatter, the calibration must be repeated numerous times 
in order to determine the precision of the analyzer . At least three values for 
each calibration point should be determined and their standard deviation cal
culated. The standard deviation is the most reliable index of random error. 
It should be pointed out that the standard deviation of the mean, 6m, is reduced 
by successive measurements N, according to the relationship 6~. Therefore, 
it is not necessary to attempt to enhance the precision of each point by making 
a large number of determinations . If the standard deviation is large, then a 
review of the procedure would be more useful than making a large number of 
determinations . 

The standard deviation of each series of measurements then represents ~he 
instrument's precision at that concentration. Part of the testing requ)red 
for EPA certification involves this type of procedure. In the analysis 
presented in this report, manufacturers certified precision values were used 
due to a la~K of information on actual measured precision . 

Analyzer accuracy is determined by means of calibration . As applied to air 
monitors, this involves inputting calibration gas of a known accuracy and 
precision to the analyzer. The response of the analyzer is then compared to 
concentration of the standard gas . The resultant accuracy may be expressed 
as the percentage of the standard represented by the instrument output. The 
accuracy must be determined over the range of values encountered in ambient 
monitoring . 

Once these basic areas have been analyzed, then the actual error analysis 
can proceed. 

The objective of error analysis is to determine the degree of uncertainty of 
data from the measuring system, referenced to a specified degr~e of confidence . 
For example, a gaseous monitor result might be expressed as 50_ PPB (90% 
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confidence), meaning that there is a probability of .9 that the result lies 
between 45 and 55 PPB. Since trends in, and correlations between air quality 
parameters are often complex functions of many variables, it is desirable to 
determine the uncertainty in each variable to the maximum practicable con
fidence level. For this analysis, a confidence level of 95% has been chosen. 

Then the problem simplifies to finding the expected standard deviation of 
system measurements over an appropriate range of concentrations. Assuming that 
all significant errors are random, then the variability of measurements at a 
single concentration will follow a normal frequency distribution. For this it 
follows that 95% of all measurements will be within two standard devi ations 
(2~) of the mean. 

The mathematics of obtaining an overall system standard deviation as a 
function of component deviations is described in the Appendix in Table A6.2.l-2. 

Results and Discussion 

The results of this analysis as applied 
to each type of gaseous constituent monitor are presented in Figure 6.2.1 -2. 
These plots represent the range of instrument response which would be observ~d 
for 95% confidence at a given concentration. The position of the plot relative 
to the axes is arbitrary, representing an "ideal " calibration. In actual 
practice, shifts in the slope and intercept of the calibrati on line might be 
observed. However, the relative ma gnitude of error at a given actual con
centration would remain as shown. 

The plot is not extended below the point where the lower confidence limit 
intersects the lower detection limit of the instrument. Instrument respo~se 
below that point cannot be reliably assumed to represent a non-zero con
centration. 

The variation of expected error with concentration shows a simi1iar pattern 
for ozone, carbon monoxide, and nitrogen oxides. In each case, random error 
due to analyzer precision is dominant over error due to calibration precision. 
Analyzer precision is given as a fixed percentage of full scale, so it results 
in a level of error independent of concentration. For the sulfur cases, the 
error limits are seen to increa~e with concentration. This is due to the 
hig~er level of concentration-dependent calibration error, relative to analyzer 
precision. Input parameters used in the analysis are listed for each instrument 
in Table A6.2.l-l. 

The results presented must be qualified to the extent that most of the inputs 
are manufacturer's specifications of performance data, which are direc t ly 
applicab1e to the average analyzer of t hat type and model number. Each 
individual analyzer would, of course, be subject to some variation from th's 
average. An effort is currently under way to obtain primary calibration and 
precision data for each analyzer, after which this analysi s will be repeated. 
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Conclusions 

1. For each analyzer, there exists a response level below which indicated 
data are not significant at a given level of confidence. At the 95% 
confidence level the following limits apply: 

Tdble 6.2.1-3 GAS ANALYZER LOWER LIMITS 

Analyzer 

S02 
H2S 
CO 
03 
NO, NO x 

Lower Limit of Significance 

8 ~g/m3 (LOL 5 ~g) 
9 ~g/m3 (LDL 7.0 ~g) 

900 ~g/m~ (LDL 450 ~g) 
21 ~g/m3 (LDL 1 ~g) 
19 ~g/m (LDL 4 ~g) as N02 

Note that for each analyzer this lower limit of significance is substantially 
higher than the Lower Detection Level (LDL). 

2. Future analyses should be undertaken only when a suitable fraction of 
data are above the significance limit. 

6.2.1.4.2 Concentrations As Time Histories 

These discussions generally refer to the 
corresponding time-series plots, Figures 86.2.1-1 to 86.2.1-12. 

Sulfur Dioxide 

In March of 1977, an improved version 
of the existing S02 analyzer was installed in StationAB23. This analyzer, 
the Meloy SA-185-2A carries a designation as an EPA equivalent method, and 
is distinguished from the older model largely on the basis of sensitivity. 
On the plot of S02 concentration vs time, Figure 86.2.1-2, this change is 
indicated by a drop in the lower detection limit (LDL) on April 1, 1977. 
The lower LDL implies a lower noise level, which is evidenced in comparing 
the plot on either side of the change. 

Overall, there has been no significant departure from S02 measurements 
during the baseline period. 

Hydrugen Sulfide 

Although H2S ;s not subject to a 
National Ambient Air Quality Standard, and therefore does not have an EPA 
reference method, the analyzers used for S02 may be readily used, after a 
simple conversion to remove S02 from the sample gas. Instrument response 
should then be similiar to that observed as an S02 analyzer. 
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The levels measured during the period of this report contrast with the base
line levels in terms of lower apparent noise and lower peak values, both of 
which may be more indicative of improved instrumentation than any trend in 
background levels or source contributions. 

Ca r·bon Monox ide 

During most of the period of this report, 
CO was monitored in conjunction with hydrocarbons using a gas chromatograph. 

As a result of agency relief from the requirement to monitor hydrocarbons, the 
cl,romatograph was retired in August, 1978 and CO-specific instruments installed 
in Stations AB20 andA823. The data during September was taken with the new 
instrument. Although the data reduced at this time are insufficient to 
provide conclusive evidence, it is likely that less erratic CO levels will be 
observed at Station AB23 wi th the new instrument. No data for Station AB20 
are included in this report, as the instrument in that station was brought 
on-line in late September, 1978. 

Oxides Of Nitrogen, Nitrogen Dioxide 

The observed concentrations of NOx- N02 
at StationsAB20 and ~23 follow a pattern simi1iar to the baseline data. The 
majority of the time levels exist at or below the 10wer3detection limit of 
the instrument, with short-duration peaks up to 150 lJg/m. This behavior 
correlates well with the expectations of a low regional background level 
influenced by intermittent contributions from various 10ca') combustion sources. 

Ozone 

The time plots of ozone are unique among 
the gaseous constituents in showing a distinct seasonal trend distinguishable 
from the data scatter. As expected, peak levels occur in midsummer, while 
lowest concentrations are observed in mid-winter, paralleling the variation 
in insolation. No significant trend is observable in the seasonal high levels 
over the entire monitoring history at Station AB23. Ozone concentration sta
tistics are presented in Table 6.2.1-4. 

The problem of causative factors related to high ozone levels i n a rural area 
is a complex one, subject to the influence of many variables. This problem 
is treated in a separate Paragraph 6.2.1.4.6. 

6.2.1.4.3 Comparisons of Maximum Concentrations With 
Ambient Air Standards 

Table 6.2.1.-5 lists the maximum measured 
concentrations of gaseous constituents for averaging times corresponding to 
respective standards. In cases where values exceed the standard, all such 
values are listed. For the gaseous constituents, there have been no exceed
ances at the present standards, both State and Federal. A recent action of 

61 
775 



..-m'I) 
.. ~ftM 1.n 

..... _1' ...... '_: 

..... 1 Art_Ie'" ,..,.,) : _ .... ' _1,-...-. ,..,.,Jj: 

!!!II: •. , - I...""" , .• - a .• 
ll .' - II.' 
11.' - II. ' 
11.. - • . , 
11 . ' , _ . • 

1el.' - la., 
In .• • III.' 
111 . ' - I • .• -.ru_ .... 

1. 
I. ,. .. 
I. 

nlO 

It.' 
111.) 
117.' 
MI .' 
1 • .• 
1 • •• 

...... S: , 
• nil 

17" 1_ 
a. .. 

a , 
• 

TABLE 6.2.1-4 

OXIDENTS (03) AT STATION AB23 

(1975 - 1977) 

..... mM"f 

tlULlllU 

..... _1, ....... "_: 

..... 1 Artu.ck _ ,..,.,) : 
IlJt 

'l .' 

'-...... ' _I, -...-. • ..,.,, : I . I,. .• 
I. 11).' 
,. 122. ' 
•• la., 
I. II •. ' 

_." _I, ,-,-,_ Sa ..... : 

Ia: 
... - u ,..,." , .• - a., 

n .• - lI.t 
11.' - •.• II.' - • . t M.' - _.t lIl.' - la.t 
In .• - lII.t 
111.' - _ .• ..... --.. 

41. 41. 41. 41. 
4111 

•. P-.,: 
II .. 

"" .11 -lUI 
141 , 
• • 

lSOI I. 
17. 
I. 
I. 

...... (1) 

.. ~ftM 1m 

..... _1' ....... "_: 

..... 1 Artu.cte _ ,..,.,): 79 .1 

'-.. ,...., _1, __ • ..,.,, : I. 1 ... . 0 II,. 
I. 10.' .". 
I. 1'l.1 11M 
•• 1'l. ' 11M 
I. ISI. l 7111 

!!!II: •. IF ._S: 
I .' - U ,..,." 
I.. - a . t 

II . ' - II. ' 
.1.0 - lO.t II.' - • . t 
II . ' - I •. t 

101.0 - la .• 
1ll.0 - III. ' 
141.0 - III.' -.aTD _ 110.' 

I • I_ 
lUI 
JIll ... ... 
179 
IS • 



TABLE 6.2.1-5 

COMPARISONS OF MAXIMUM BACKGROUND LEVELS WITH AMBIENT STANDARDS 

ApPLICAf,_E AVERAGING STANDARD MAX. DATA STATION DATE STANDARD CONSTITUENT TIME LIMI~ READI~G t>RECIS3ON WITH MAX. OF MAX. 
(~g/m } (~g/m ) {~g/m } READING READING 

COLORADO PARTICULATES ANNUAL 45* 14.5 0.6 023 1978 AMBIENT AIR 
QUAlITY PARTICULATES 24-HOUR 150** 178( 1 ) 11 024 11/27/74(1) STANDARDS 

162(2) 10 11/29/74(2) H2S 1-HOUR 142 72.2 8 023 12/22/74 
NATIONAl 

Alt3IENT AIR 
QUALITY 
STANDARDS 

PRIMARY S02 ANNUAl 80 1.3 15 021 & 024 '74 - '75 -.J m 24-HOUR 365 43.1 15 021 6/16/75 ::jw 

SECONDARY S02 3- HOUR 1300 87.7 15 023 12/21/74 
PRIMARY N02 ANNUAL 100 5.0 6 020 '75 - '76 
PRIMARY PARTICULATES ANNUAL 75*** 11.0 0.6 023 1978 

24-HOUR 260 178 11 024 11/27/74 
SECONDARY PARTICULATES ANNUAL 60*** 11.0 0.6 023 1978 24-HOUR 150 178(1 ) 11 024 11/27/74(1) 

162(2) 10 11/29/74(2) 
PRIMARY CO 8-HOUR 10,000 4501.9 iDO 020 6/03/75 l-HOUR 40,000 4650.9 100 020 6/04/75 
PRIMARY OXIDANT l-HOUR 240 164.0 (l ) 20 023 8/24/77( 1 ) 

• Propo,>ed chanqe to 7~ II C)/m
3 under consideration 

163.8(2 ) 20 023 8/24/77(2) 
•• ~rfJlJos ~d than'Jf~ to ?f)O \I f)/m3 under cons idera tion 
••• r. ':C.l1lf: t. r 1 t "If~ d n 
fJ) II I'J ." --, t_ ':1.". n·.lfh fI,) 
( i i- .' -'"",'S .01 'Jh.··. t ,-".,. n,."Jj "'1 



the EPA revised the ozone standard upward from 0.08 to 0.12 ppm. The two 
cases of hourly-average values in excess of the old standard are well below 
the current one. 

6.2.1.4.4 Correlations With Wind Direction and Speed 

Sulfur gases, nitrogen oxides and carbon 
monoxide 

Concentration roses, depicting variations 
in concentration with wind speed and direction are presented in FiguresA6.2.1-5 
thru -9. For the sulfur and nitrogen gases as well as carbon monoxide, there 
is no detectable dependence of concentration on either wind speed or direction. 
This result is easily understood in terms of the low levels of these constitu
ents, which are more representative of regional background levels than of any 
specific source contributions. 

Ozone 

Plots of ozone concentrations vs. wind 
speed and direction are presented in Figure 6.2.1-3. The data are presented 
in this form since the levels of concentration monitored are typically more 
significant than the other gaseous constituents. Over the period of time 
depicted on the plots, it is difficult to reach any conclusion regarding wind 
dependency. Again, this is characteristic of regional background levels, not 
influenced to any significant degree by specific sources. 

6.2.1.4.5 Special Study: Side-By-Side S02 Measure
ments 

Scope & Rationale 

During the entire history of air monitor
ing at the C-b Tract, measured sulfur dioxide concentrations have averaged' 
in the vicinity of the measurement threshold of the monitoring instruments, 
as shown in Figure 86.2.1-2. In order to validate the accuracy of the instru
ments in this range, and consequently qualify the resultant data, tests of 
co-located instruments have been made. Two tests were made: one over the 
period January through March, 1976 at StationAB21, and the other during April 
through July, 1977 at StationAB23. The earlier test was fully described in 
the Environmental 8ase1ine Report. 

Objectives 

• to obtain a measure of agreement between 
co-located S02 analyzers 

• to obtain an indication of the significance 
of air quality data for low concentrations 
of S02 
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Experimental Design 

Two Meloy sulfur dioxide analyzers, one 
model SA-185-2 and one model SA-185-2A were operated at Station AB23. The 
two analyzers were connected to the same air intake manifold and the same 
hydrogen supply. The significant difference between the two analyzers i~ 
in the mi nimum detecti on limit: 5- PPB for the SA-185-2 and 2 PPB for the 
SA-185-2A. 

Method of Analysis 

The data sets for each analyzer were 
reduced to diurnal tables of hourly averages. These tables were then com
pared to produce diurnal tables of hourly average difference between analyzer 
outputs. Maximum and mean hourly difference, and the standard deviation of 
hourly average differences were computed for each month. Prior to and during 
the test period, both analyzers were calibrated in an identical manner. 

Results and Discussion 

Diurnal tables of hourly differences are 
presented in Tables A6.2.1-3a to d. The results of the above described analyses 
are ~resented in Table 6.2.1-6. For each month, the monthly average output of 
the SA-185-2A monitor never exceeded the minimum detection limit, while the 
SA-185-2 indicated outputs in excess of its detection limit an average of 1~.6% 
of the four-month period. The average output for the SA-185-2 was 0.9 pg/m 
(0.3 PPB). This discrepancy in output might seem contrary to the minimum 
detection limit specifications for the analyzers, which indicate that the 
SA-185-2A is the more sensitive instrument. However, the SA-185-2A was a new 
instrument at the time of the side-by-side tests, and also is made to qualify 
for EPA certification as a reference method. It is therefore reasonable to 
expect less drift and lower noise in the SA-185-2A. The combination of noise 
and drift between calibrations would account for the SA-185-2 indicating a low 
level of conc~ntrationwhen the new analyzer registered zero. 

That most of the significant hourly differences 'between analyzers was random is 
demonstrated by the extremel~ low values for mean hourly difference. The maximum 
value of this mean, 1.0 pg/m or 0.38 PPB, is well within the acceptable noise 
level for either analyzer. (Instrument specifications can be found in Table 
A.6.2.l-1. 

Conclusions 

l) During the four months of side-by-side 
tests no significant difference between analyzers was found. 

2} The performance of the new SA-185-2A 
analyzer was established as a satisfactory replacement to the SA-185-2 . 

3) Between the two analyzers, outputs 
above threshold detection occurred only 10.6% of the time, with monthly 
average levels of no more than 1.6 ~g/m3 (0.6 PPB). The results for both 
analyzers demonstrate that the background level of S02 is extremely low. 
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Item 

Apr i l 

Monthly average (rounded) 0 

% hours above detection limit 0 

Total no. paired observation 

Total no . non-zero differences 

Mean ho~r1y differencp. 

Std. dev. of hourly difference 

Maximum hourly difference 

"-1 0'\ 
~ ....... 

TABLE 6.2.1-6 SUMMARY OF RESULTS OF SIOE-~Y-SIDE 
S02 ANAlYZER TEST (~g/m ) 

1977 

Analyzer 

11 12 
Meloy SA lRS-2A Meloy SA 185-2 

May June Jul y Apri 1 May June 

0 0 0 0 1.6 1.0 

0 0 0 0 1.1 24.5 

I 
~ 

(E I 

I 
,;::::: 

,? 
July Apri 1 

1.0 
I 

17.0 

709 

91 

0.3 

1.3 

lS 

Difference 
Between 

Analyzers 

May June 

736 676 

lS2 169 

O.S 1.0 

loS 3. 1 

10 32 

n 

d 

July 

662 

124 

0.47 

1.49 

17 
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4) The standard deviation of the hourly 
differences for each month exceeds the corresponding monthly average by at 
least a factor of three, indicating that the actual analyzer output values are 
of little significance when measuring extremely low concentrations . 

6.2.1.4.6 Special Study: Interrelationships of Ozone 
with Ambient Meteorological Parameters 

SCC"Je and Rationale -
This is a study of the interrelationships of 

ozone with ambient air quality parameters. It is based on hourly averages of 
continuous measurements of ozone, solar radiation, temperature, relative humid
ity, barometric pressure, wind speed, and wind direction for the month of 
August, 1977. 

Objective 

To evaluate the interrelationships of 
several meteorological parameters on ozone concentrations in search of a 
weather-related explanation of significant shifts in diurnal ozone concentra
tion levels. 

Experimental Design 

August, 1977 diurnal tables of hourly 
averages of continuous observations of ozone, solar radiation, temperature, 
relative humidity, barometric pressure, wind speed, and wind directiQn form 
this data base. Statistical analyses utilizing correlation, partica1 cor
relation, multiple regression, univariate ti~ series, and multiple time 
series transfer functions were performed and evaluated comparatively. Time 
series analysis was used to devel op forecast models with confidence interva1s 
of ozone concentration. Forecasts of ozone concentration are compared with 
actual observations through periods of ozone-level shift. 

Time series consisting of hourly values were plotted for each of the parameters. 
Ozone series was examined to identify time periods representing normal, low, 
transition, and high levels of concentrations. These perioQs were examined 
for interrelationships between ozone and meteorological parameters utilizing 
computer programs for correlation aud multiple linear regression. Outputs 
of the computer programs provide analyses for evaluating st~ istica1 signi
ficance of interrelationships and value of these for pred i ct in9 shifts in 
levels of concentration for ozone. (Bullard and Fosdick, 1979) 

Results and Discussion 

The primary data used for the study are 
the hourly measurements of ozone, solar radiation, temperature, relative 
humidity, barametric pressure, wind speed, and wind direction for the month 
of August 1977. Since these data ~ere analyzed as time series, they are 
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presented here as a ccmposite of computer plots of the individual diurnal 
series in Figure 6.2.1-4 with ozone in the center of the figure. The para
meters were plotted by hour; days of the month are indicated. Vorticity 
data derived for the 500 mb pressure 1e~ ~1 were also used in the analysis 
and plotted as an overlay on the 01~jn e p' ,to 

Of interest in' this study were shifts in the ozone level from a "nonna1" to 
"low" and then to "high". as indicated on Figure 6.2.1-5. 

Day 23 was designated as "transition" day since the ozone level appeared to 
shift from the "low" to "high" level on that day. The "normal" period is 
extended through day 17 in later time series analyses. 

The shifts between the levels of ozone as measured by the means and standard 
deviations were Significant. Daytime highs and ~ighttime lows also shifted 
indicating that the diurnal patterns themselves completely shifted levels. 
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T 0 . 11 .11 o . 70 o . Il 1.11 
II . 11 .M .11 - .11 0 • • 1.11 

NOTE: Nanna 1. low. Trans it ion. and High ozone periods are designated by N. l, T. and H respectively. Correlation coefficients greater than .50 are sign1ficant at the .99 confidence level. 

Coefficients of correlation were then examined to test the hypothesis that 
the interrelationships among the parameters remain unchanged for each of the 
ozone levels. Table 6.2.1-7 shows the matrix of the simple cross correlations 
without time lags. As might be expected, high correlation coefficients are 
indicated reflecting the significant diurnal effect on each of the parameters. 
Coefficients above 0.50 are signjficant at the 99 percent confidence level for 
the sample ~izes. 
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Figure 6.2.1-5 OZONE STUDY LEVELS ~ND ASSOCIATED STATISTICS 
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Period 

Aug 5-7 
Aug 18-19 
Aug 23 
Aug 24-26 
Aug 6-17 

Nonnal 
N 

I Extended 
~~--I Nonnal 

Hour 116 

Ozone 
Level Mean 

Normal 95.8 
Low 57.4 
Transition 100.1 
High 134.6 
Ext. Norm. 96.1 

408 

STATISTICS 

Standard 
Deviation 

26.6 
12.6 
34.6 
12.8 
18.3 

Low 
L 

T 
T 

High 
H 

Daytime Night-time 
HiSh Low 

3 130(ug/m ) 43 (ug/m3) 
81 28 

152 62 
163 109 
129 31 

Significant 
Shift? 

Ref. mean 
Yes 
Yes 
Yes 



Relative changes in coefficient levels and/or sign indicate the following 
with respect to interrelationships of ozone to other parameters: 

between Nand L = little change in sign of values of coefficients 
between Nand H = significant change in sign of values of all 

coefficients 
between Land H = significant change in sign or values of all 

coefficients 

Indications are that the "high" ozone level has different interrelationships 
with the meteorological parameters than exists for "nonnal" and "low" ozone 
levels. 

Multiple linear regression analyses were performed in order to obtain the 
predictive relationship between ozone and a set of observations of meteoro
logical parameters. The general form of the linear regression equation for 
estimating ozone (03) from a set of observations of the related parameters 
is: 

where 
A 
03 is ozone estimated value. 
Bo is an offset constant for parameter levels called the intercept. 
C1. C2 •••• C5 are regression coefficients for the respective paraMeters 

in the observed set. 
SR = solar radiation (lang1eys) 
T = temperature (OC) 

RH = relative humidity (%) 
P = pressure (mb) 

WS = wind speed (m/s) 

Table 6.2.1-8 shows the regression coefficients for the selected ozone level 
periods: 

Bo 
Inter-

L,eve1 ce~t 

Normal - 964.8 
Low -1802 
Transition -13089 
High -3679 
Norm Est -491.3 

TABLE 6.2.1-8 
REGRESSION EQUATION COEFFICIENTS 

C1 
SR 

.266 
-.101 
-1.02 
-.091 
-.005 

C2 
T 

.3A5 
1.09 
.383 
.120 

1.11 
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C3 C4 C5 
RH P WS 

-. ~87 -1.68 -.777 
-.250 2.28 .185 
-2.29 16.76 .824 
- . 332 4.83 1.17 
-.36 .66 -.91 

Multiple 
Correlation 
Coefficient 

.97 

.88 

.93 

.89 

.85 



Note that Bo. the intercept, is highly dependent on C4' the pressure 
coefficient. This is because pressure has a mean valup. of about 790 mb, 
order of magnitude higher than any other parameter. Pressure change is a 
precursor of weather fronts which may be associated with ozone shift. 
Temperature and relative humidity are highly negatively correlated and one 
could be dropped from the set of estimating ~arameters. However, the combined 
contribution of temper~ture and relative humidity are significant in the esti-
mating equation. 

Comparison of regression coefficients across the ozone levels show that, for 
the transition period, solar radiation, relative humidity, and pressure 
coefficients, exhibit the greatest change from their previous level. Pressure 
influenced ozone levels in the transition phase. The meteorological parameter 
interrelationships with ozone change during the transition period. Tt is change 
appears to be storm front related. 

The high multiple correlation coefficients indicate high predictive confidence 
in the regression equation over the time periods. 

Conclusions 

The analysis presented in this section 
demonstrates that significant correlations exist between shift in ozon~ levels 
and changes in measurable meteorological parameters. These correlations tend 
to indicate a natural mechanism for observed increases abov~ background ozone 
levels. However, before details of such a mechanism may be elucidated, addi
tional data possibly including parameters such as vorticity must be undertaken. 
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6.2.2 Particulates 

6.2.2.1 Scope and Rationale 

Monitoring of ambient particulates is required by the 
Oil Shale Lease Stipulations and by ~deral and State Air Quality Regu1ati~ns. 
Measurements were made on a daily basis through August 1977 and on an every
third day schedule at Station AB23 from September 1977 through September 1978 
and continue on that basis. Additional particulate monitoring was initiated 
in February 1978 at Stations AB20, AD42, and AD56 on the same three-day 
sampling schedule. During visibility measurement days, size-distributed 
samples have been taken at Station AB23. 

6.2.2.2 Objectives 

• to demrnstrate compliance with applicable regulations 
• to examine potential iong-term trends 
• to provide a general air quality status assessment 
• to identify potential particulate sources 

6.2.2.3 Experimental Design 

The EPA reference method for particulate monitoring, 
the hi~volume sampler, is employed at all stations to measure particulates. 
The samplers are located su~h that the air intakes are approximately 4.6 meters 
above ground level. An Anderson particle-sizing head is used in place of the 
standard filter assembly for size-distributed samples. As yet, there is no EPA 
reference method for particle size sampling. 

6.2.2.4 Method of Analysis 

The data on ambient particulates were not subjected 
to any formal analysis that resulted in usable information. Multiple regression 
analysis utilizing a technique and set of correlative parameters similar to 
those used in the visibility analysis failed to produce any valid correlations. 

Three dimensional and time-series plots of particulate data provide a means of 
interpreting the data in a qualitative way. These are discussed in the following 
subsections. 

6.2.2.5 Results and Discussion 

6.2.2.5.1 Correlation With Wind Direction and Speed 

Plots of particulate concentration vs. 
wind speed and direction for Station AB23 are presented in ngure 6.2.2-1. 
In general, the data show a marked dependency on wind speed, as would be 
expected in a situation where particulate concentrations are primarily the 
result of fugitive sources. This factor is most evident during the spring 
and summer quarters. During the rest of a typical year, substantial periods 
of snow cover reduce the background level and change this relationship. 
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Particulates generated then on or near the Tract will show a much smaller 
dependence on wind speed, sometimes actually resulting in higher concentrations 
at lower wind speed. These source-specific contributions become less signi
ficant compared to background levels during the spring-summer period. 

There is no definite wind direction dependence indicated. The virtual absence 
of particulate measurements in the wind sector centered around the north
northeast direction is indicative of the low incidence of winds from that 
sector. Since particulate measurements are discrete 24-hour samples, the 
direction used for a particular sample is the average wind direction during 
that 24-hour period. 

6.2.2.5.2 Concentrations As Time Histories 

The time series plot of particulate 
concentrations for Station AB23 ( Agure B6.2.2-2) is used for this discussion, 
as it is the only continuous record covering the complete history of air 
monitoring at the C-b Tract. 

The one dominant feature of the plot is the seasonal variation. Maximum 
levels typically occur in the spring and fall, minimum levels in the winter. 
Concentrations during the summer months ara variable from year to year, but are 
lower than the spring and fall peaks in most cases. 

Histograms depicting the frequency distributions of particulate concentrations 
( Rgures 6.2.2-2 and -3) show the predominance of low concentrations. The 
composite histogram displays a skewed log-normal distribution, typical of 
particulate concentrations influenced mainly by random variation in 
meteorological parameters. 

6.2.2.5.3 Maximum Concentrations Compared with 
Ambient Standards 

Table 6.2.1-5 lists the maximum annual 
and 24-hour particulate concentrations. Comparing these to ambient standards 
is complicated by the number of standards currently existing. 

The Federal Primary Standards have not been exceeded at any time. On a 24-hour 
basis, the maximum value is 178 ~g/m3 compared to the proposed standard of 260. 
A wider margin exists on an annual basis. The 24-hour maximum, however, exceeds 
the Federal Secondary Standard, which is identical to the Colorado Standard, 
150 ~g/m3. Neither the Federal Secondary Annual Standard of 60 ~g/m3 nor the 
State Annual Standard 45 ~g/m3 ;s approached. 

Colorado has recently pro~osed a revision of their particulate standards to 
parallel the ~deral Primary Standards. This action would bring all particu
late data below all standards except the ~deral Secondary 24-hour. 

Attention is called to the fact that in the Environmental Baseline Summary 
Report peak particulate levels are attributed to fugitive dust for the time 
period exceedances were obtained. 
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FIGURE 6.2.2-2 
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6.2.2.6 Conclusions 

1. Particulates in the area of the C-b Tract are 
primarily rural in origin. particularly those responsible for maximum 
concentrations. 

2. Although finm correlations have yet to be drawn. 
seasonal trends in particulate concentrations suggest a general meteorological 
dependence. 

3. No long-tenm trend over time is evident in the 
particulate data taken through September. 1978. 
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6.2.3 Visib11ity 

6.2.3.1 Scope and Ratlonale 

The visibility monitoring program has been co
sponsored by the C-b and Rio Blanco Shale Oil Projects. Measurements were 
taken every sixth day for a total of ten days in the Spring quarter, 1978, 
and ten days in the Fall. There are no state or federal requirements for 
visibility monitoring, however, the program is required under the Federal 
Oil Shale Lease Environmental Stipulations. 

6.2.3.2 Objectives 

• to establish baseline visibility levels for the 
Piceance Basin 

• to identify any trends in visibility 
• to establish correlations between visibility and 

meteorological and/or air quality parameters. 

6.2.3.3 Experimental Design 

Visibility data were obtained by means of photographs 
taken from an observation site approximately eight miles southwest of Piceance 
Creek on a ridge between Hunter Creek and Dry Gulch. This site was chosen 
for its proximity to the C-a and C-b Tracts, as well as for its accessability 
and range of views. 

Photographs were taken at hourly intervals throughout the measurement days 
in each of four views. (See Figure 6.2.3-1). The use of at least two 
objects in each view enabled the measurement of visual range under a variety 
of visibility conditions. The locations of the observation site and objects 
are shown on the Figure. 

Visual range information is extracted from the photographs by means of 
optical jensity measurements on the portions of the photograph representing 
a given object and the horizon sky directly above it. These densities, 
together with the actual object-camera distance and the object albedo 
are used to calculate a visual range. 

6.2.3.4 Methods of Analysis 

In that there has been only one year of seasonal 
visibility measurements since the baseline visibility study of 1975-1976, 
there is no basis for analysis of long term trends in visibility. Visual 
range results have ~!en compiled and averaged on a per-view and composite 
basis over monthly, seasonal, and annual periods to facilitate comparison 
with baseline data. 

There has been analysis of a different kind applied to the 1978 visibility 
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are shown on the Figure. 

Visual range information is extracted from the photographs by means of 
optical density measurements on the portions of the photograph representing 
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together with the actual object-camera distance and the object albedo 
are used to calculate a visual range. 
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6.2.2.6 Conclusions 

1. Particulates in the area of the C-b Tract are 
primar11y rural 1n origin, particularly those respons1b1e for max1mum 
concentrat1ons. 

2. Although f1nm correlat1ons hav! yet to be drawn, 
seasonal trends in part1culate concentrations suggest a general metAorolog1cal 
dependence. 

3. No long- tenm trend over time is evident in the 
part1culate data taken through September, 1978. 
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data, utilizing the results of the correlation and regress 'lnn analysis for 
visual range presented in the Enviromenta1 Case11ne Report. These results are 
presented in summary form in Table 6.2.3-1. 

The multiple regression coefficients and intercept values from the table were 
used with meteorological data from visibility measurement days to compute an 
estimated visual range, according to the formula 

Yest= bo+ Ii (bi Xi) 

bo = intercept 
bi = regression coefficient, ith variable 
x = value of ith primary variable 
i = 1 to 8 primary variables 

For the case presented, all eight primary variables were used. 

6.2.3.5 Results and Discussion 

The results of the 1978 visibility monitoring program, 
comparee, where appropriate, with baseline results, are presented in Figures 
5.2.3-, through 5.2.3-5. The daily variation in mean visual range is depicted 
in Figure 6.2.3-2. These time plots indicate the sharp drops in mean visual 
which accompanied weather changes during early May and late November. Descriptions 
of general weather conditions are contained in the Site log Sheets presented in 
Appendix A6.2.3. 

The monthly composite visual range distributions, Figure 6.2.3-3, show shifts 
both up and down scale from the baseline data. Additional years of data will 
be required before any trend could be detected. The annual composite distributions 
shown in Figure 6.2.3-4 indicate a high degree of overall comparability between 
1975-76 and 1978. The composites for each view appear to have a stronger 
central tendency for 178 than for 175- 176, which would be indicative of fewer 
extremes in meteorological parameters. 

No explanation has been found for the low frequency of visual range i~ the 
60-69 mile range which was found in both data sets. 

Results of the multiple regression analysis are presented in Table 6.2.3-2. 
In general the error of the estimated visual range was too large for this 
technique to be of value in predicting a daily mean visual range from a set 
of meteorological parameters. However, a comparison of the mean values shows 
a good approximation of the means of the measured values. Thus the computation 
method may prove to be useful in assessing the validity of future visibility 
monitoring. as the data base for t'eqression hecome lar~er. 
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Parameter S)'II Lnits Mean 

1. Particulates PA \lg/m3 11. 7 

2. Wind Speed-30' liS mph 6.92 

3. Solar Radiation SR 1angleys 364. 

4. Ozone OZ \lg/m3 54.4 

5. Rel. Ibnidity RH , 52.7 

6. T~rature TP OF 44.0 

7. Precipitation PP in. .021 

8. Max. IHnd SF-ed MIl mph 17.7 

9. (Wind Speed)2 (fI1>h) 2 58.6 

10. (Wind Speed)3 (mph) 3 586. 

11. (~bx. Wind (mph) 2 .556. 
Speed) 2 

(mph) 3 n. (~bx. I~ind 7960. 
Speed) 3 

13. Visual Range VR mi. 76.1 

Intercept (II) 

~ultiple Correla-
tion Coefficient 

Standard Error of 
Est imate (mi) . 

~ 

Table 6.2.3-1 

SU~RY OF VISUAL RANGE CORRELATION AND REGRESSION ANALYSES 

FROM ENVIRONMENTAL BASELINE REPORT, VOlUME 3 

Std ICOef. ~u1tip1e Regression Coefficients 
Dev. ·Corr. Primary Variables 

12.5 - .125 -.196 -.209 - .213 -.204 --- --- --- ---
3.35 .072 2.79 2.84 2.84 2.Bl 2.B3 --- --- ---
182. .11B -.002 -.002 --- --- --- --- --- ---

17.6 - .111 -.261 -.25B - .266 -.236 -.264 -.340 -.409 ---
17.6 -.560 -.809 -.BI9 -.815 -.B34 -.819 -.837 -.B29 -.694 

17.4 .114 .070 .068 .062 --- --- --- --- ---
.078 -.304 -6.42 --- --- . -- . - . .. _ . --- ---

6.64 -.179 -1.8iJ -1.83 -1.82 -1.80 -1.97 - .607 --- ---
56.7 - .022 --- --- --- --- --- --- --- ---
847. .031 --- --- --- --- --- --- --- ---
257. -.145 --- --- --- --- --- --- -- - ---
83('4. -.103 --- --- --- --- --- --- --- ---

21.8 --- DEP ~P DEP DEP DEP DEP ~ [)Ep 

146. 146. 146. 148. 149. 149. 142. 113. 

.694 .694 .694 . 692 .686 .665 .642 .560 

16.8 16.7 16.5 16.4 16.4 16.7 17.0 ~8.2 

MUltiple Regression Coer. 
Primary anJ Secondary Var. 

-.184 -.189 -.197 -.220 -- - ---
15.1 14.9 --- --- --- ---

-.014 -.014 -.004 --- --- ---
-.141 -.141 - .233 -.247 --- -- -
-:819 - .822 -.810 - .812 -.738 -.722 

.155 .155 .063 .047 --- ---
·1.73 --- -6.85 --- --- ---
-6.72 -6.61 --- --- --- ---
-1.88 -1.84 -.184 .185 .260 ---
.080 .079 --- --- --- ---
.080 .079 -.046 -.046 - .070 -.018 

-.003 -.002 --- --- --- --- 1<:.0 

rEP DEP rEP DEP DEP DEP 

152. 152. 138. 138. 125. 120 . 

.740 .740 .692 .692 .662 .598 

16.4 16.2 6.9 1:;.6 16.8 17.8 
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Table 6.2 ~ 3-2 COMPARISON OF PREDICTED AND ACTUAL VISUAL RANGE FOR 1978 

Re1 . Total Solar Max. Visual Range 
Hlno Prec . Part 0 Rad . Temp. WS WS (mi. ) 

Date ill 1.1& (lIg/m3) (1l92m3) (Lang. ) ~ (~ (!!!l.0 Measured Predicted** 

4/6/78 40. 0.00 7. 103. 5. 5 8 102 85 
4/12/78 41. 0.00 23. 82. 6. 2 6 94 82 
4/18/78 41. 0.00 15. 87. 2. 2 6 81 82 
4/24/78 42. 0.00 17. 81. 9. 2 4 83 87 
4/30/78 72. 0.01 0 82. 5. 3 5 54 66 
5/6/78 64. 0.00 0 94. o. 3 6 50 67 
5/12/78 44 0.00 18. 91. 714. 7. 3 4 94 85 
5/18/78 56. 0.04 14. 81. 62. 6. 4 6 88 78 
5/24/78 24 . 0.00 28. 91. 656. 13. 8 13 66 95 
5/30/78 41. 0.00 22. 79. 261. 11. 4 9 69 84 

~co 10/5/78 30 . 0.00 20. 74. 434. 11. 2 4 86 98 
NCO 10/11/78 39. 0.00 32. 74. 398. 15. 2 5 80 86 

10/17/78 34. 0.00 29 . SO. 168. 14. 4 8 78 90 
10/23/78 70. 0.00 10. SO. 316. 3. 2 3 100 75 
10/29/78 33 . 0.00 1. 41. 309. 11. 5 20 79 87 
11/4/78 44. 0.00 12. 69. 273. 10. 3 11 90 79 
11/10/78 83 . 0.00 12 . 45. 94 . -4. 2 8 46* 56 
11/16/78 84 . 0.00 2. 67. 140 . -7. 1 4 29* 55 
11/22/78 55. 0.00 4. 69. 209. 3. 4 14 55* 69 

Spring Mean 78 81 
Fall Mean 86 86 
Annual Mean 81 83 

*Based on less than 50% data recovery; not counted in means; corresponding predicted 
values also not counted. 

** Regression equation using the eight regression coefficients from Table 6.2.3-1 used for prediction is: 
VR = 146 - 0. 20 PA + 2.79 WS - 0.002 SR - 0.26 OZ - 0.81 RH + 0.07 TP - 6.42 PR - 1.80 MW 
Symbols and units are given in Table 6.2.3-1 



6.2.3.6 Conclusions 

1. No time trends in visual range are detectable 
based on presently available data. 

2. The influence of meteorological parameters on 
visual range is not yet sufficiently well 
defined to allow p.stimation of daily visual 
ranges, although seasonal and annual means may 
be estimated with more confidence. Additional 
analysis should attempt to identify additional 
correlative parameters. 
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6. 3 Meteorology 

6. 3.1 Climatological Records 

6.3.1.1 Scope and Rationale 

These climatological parameters include temperature, 
solar radiation, precipitation, evaporation, relative humidity, and barometric 
pressure. 

The justification for climatological records is primarily to serve as a 
historical data base to ~ssess climatological effects principally on the 
biotic portion of ecosystem so they may subsequently be sorted out from 
potential man-induced effects. 

6.3.1 . 2 Objectives 

Objectives are to establish this historical data base 
and to determine any cyclical or long-term trends that might exist as well as 
averages and extremes, as appropriate. 

6.3.1.3 Experimental Design 

Parameters measured, instrumentation used, sampling 
stations (Figure 6.3.1-1) and min . reporting frequency are presented in 
Table 6. 3.1-1. 

6. 3.1.4 Methods of Analysis 

Table 6.3.1-2 presents a summary of data formats 
and analysis along with station identification . Data presentation and analysis 
techniques include Box-Jenkins time series for temperature, time series plots 
for all Class I indicator variables, histograms , plots and tables. In the 
cases of solar radiation and precipitation the methods include techniques for 
monthly and annual totals in presence of missing data. 

6.3.1.5 Results and Discussion 

6.3.1 . 5.1 Temperature 

Annual mean temperatures at the Tract 
(Sta.AB23) have averaged between 6 and 70 C over the past four years. Box
Jenkins analysis of the monthly means (Table A6.3.l-1) yielded a total 
(4 year) series mean of 6. 050 C with no di scerna b1e trend; projections over 
the next year with 95% confidence using a seasonal auto regress ive model are 
shown on Figure 6.3.1-2. 

Between-station comparisons (Sta.AB20 v~ AB 23) indicate minimum temperatures 
18 to 21 0C cooler in Piceance Valley than on Tract, due principally to cold 
air drainage associated with katabatic winds, with Valley temperatures 
reaching extremes of -430 C. 

90 
804 



FIGURE 6 . 3 . 1-1 

CLIMATOLOGICAL NE TWORK 

· IWU70 
ON SCANOAqO 
GULCH AT 
ROAN PLATEAU 91 805 



PARAMETER 

Air Temperature 

Direct Solar 
Radiation 

Precipitation 

Evaporation 

Relative 
Humidity 

Barometric 
Pressure 

TABLE 6.3.1-1 

CLIMATOLOGICAL PARAMETER EXPERIMENTAL DESIGN 

INSTRUMENT 

Aspirated 
Temperature 
Sensor 

Pyranometer 

Weighing Bucket 

Tipping Bucket 

Pan 

R. H. Sensor 

Barometer 

STATION(S) 

020 
023 
042 
056 

023 

020 
023 

USGS015 
USGS022 
USGS050 
USGS058 
USGS070 

MC1 to 9, 

92 
806 

13 

023 

023 

023 

COMPUTER MINIMUM REPORTING 
CODE FREQUENCY 

AB20 Hourly 
AB23 Hourly 
AD42 Hourly 
AD56 Hourly 

AB23 Hourly in daylight 

AB20 Hourly 
AB23 Hourly 
WU15 Approx. Monthly Totals 
WU22 Approx. Monthly Totals 
WU50 Approx. Monthly Totals 
WU58 Approx. Monthly Totals 
WU70 Approx. Monthly Totals 

BC01 to 
09, 13 

Bf-Week1y 

AB23 Oaf ly 

AB23 Hourly 

AB23 Hourly 



VARIABLE 

Afr 
Temperature 

Direct Solar 
Radiation 

Relative 
Humidity 

Precfpitation 

Evaporatf on 

Barolllltr1c 
Pressure 

TABLE 6.3.1-2 

ClIIiMTOlOGICAL DATA SlJt1ARY 

ITEM 

Monthly MHn 

OI11y Mean, 
M1n, Mix 

Monthly Values of 
Hrly Mill, 
Mean, Nin, 

Growfng Season 

Degree Days 

Oa11y Total 
Da11y MNn; Mix I 

Mfn for Month 

Oa11y Mean, 
M1n, Mix 

Monthly Values of 
Hrly Mix, Mlan I 
M1n 

Oa11y Total 
Monthly Total 

Monthly Total 
l-Hr Mill 
3 Mo. S11d1n~ Total 
Between Sta o.par. 

Oa11y Mlan 
Da11y Mlan 

OI11y Mlan, M1n, 
Mu 

Monthly Values of 
Hrly Max, Mlan • 
Nin 

STA. 

.23 

AB20.23 
AD42,S6 

AB20,23 

AB23 

AB23 

AB23 
AB23 

AB23 

AB23 

AB20,23 
AB20,23 
WU1S,22 
WUSO,S8 
WU70 
BCOl to 
09, 13 
AB23 
AB20,23 
AB23 
AB20,23 

AB23 
AB23 

AB23 

AB23 
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TYPE PRESENTATION! 
ANAlYSIS 

Box Jenkfns Tt .. Ser1es 

T1Me Ser1es Plots 

Tabular 

Plot 
Table - Start, End, Length 
Tabular 

T1 .. Ser1es Plot 
Tabular - Values Corrected for 

.hs1ng data 

T1 .. Ser1es Plot 

Tabular 

T1me Series Plots 
Averages over all Sta + the 

mfcro-clfmate sta; approx. 
annual total 

Hfstogram (wfth Growing Season) 
Tabular 
Tabular 
Hfstograms 

Tfme Serfes Plot (Pan) 
Tabular - Pan I Lake 

Tfme Serfes Plot 

Tabular 

FIGUREI 
TABLE NO. 

Ffg. 6.3.1-2 
Tab. A6.3.1-1 
Ffg . B6 .3. 1-2.3 
Ffg. B6.3.1-4,5 

Tab. A6. 3. 1 - 2 

Ffg. &.3.1-3 
Tab. A6.3.1-3 
Tab. A6 .3 .1 - 3 

Ffg. B6. 3. 1-7 
Tab. A6.3.1-4 

Ffg. B6 .3.1 -1 

Tab. A6.3 . 1-S 

Fig. B6.3.1-9, 
10 

Tab. A6.3.1-&' 
thru 6d 

Fig. 6.:4.1-3 
Tab. 6.3.1-3 
Tab. 6. J . 1-3 
Ffg. 6.3.1-4 

Ffg. B6.3.1-11 
Tab. A6.3.1-7 

Ffg. B6.3.1-6 

Tab. A6 .3.1-8 



25 

20 

u 

'" 
15 

'" ~ 
C) 

10 
'" 

~~ 
0 

'" ~ 5 
~ 
~ 
c( 

~ 0 

'" a. 
~ 

'" -5 ~ 

-10 

-15 [ 

-20 

FIGURE 6.~.1- 2 
TEMPERATURE AT TRAILER A823 (10M LEVEU VI. TIME 

FORECAST MODEL AR (2) 

LEGEND 

--ACTUAL DATA VALUE 
--·-FORCAST 
() CONFIDENCE LIMITS 

12 

-,... 

I 
24 

TIME IN MONTHS 

,.. ,.. 

36 

--
;-\ , \ , 

/ 
.... ... 

\ 
\ .... 
\ 

\ 
\ 

,... 

......,.. I 
I .... \ , 

\ I 
\ , 

.... \ I_ . .' 

i 
48 

'*' -. 

- .., 



Growing season and degree-day data are presented on Table A6.3.1-3. Growing 
seasons over the past four years have varied from 111 days in 1976 to 144 days 
in 1977. ~et the degree-days referenced to 180 C (Munn (1970)) were highest in 
1978 (223 C-days) indicating the highest average temperatures and corresponding 
to a growing season of 124 days. 

6. 3. 1.5.2 Solar Radiation 

Direct solar radiation as measured by the 
pyranometer varies from a monthly average of 620 langleys per day in June near 
summer solstice to approximately 130 in December near winter solstice. This 
variation approximates the yearly cycle in the peaks of cosine of the sun's 
zenith angle. Values presented in Table A6.3.1-4 have been corrected for 
missing data by applying a correction factor . This correction factor is the 
ratio of average daylight hours per month to pyranometer channel "uptime" 
hours per month for cases where uptime exceeds 50% of the daylight hours 
per month. Values obtained for the Tract in June have been compared with values 
obtained for 400 N latitude (approx. Tract latitude) from Sellers, Physical 
Climatology (Figure 5): 

Clear day peak 
Monthly average 

Sellers "average" terms included: 

TRACT 

744 
620 

SELLERS 

700 1y/day 
592 

Q. 
+q. 
Cr. 
Ar. 

direct beam solar radiation incident on earth surface 
diffuse solar radiation incident on earth surface 
backscattering by clouds 

389 1y/daY 
164 

backscattering by air molecules. dust, water vapor 39 

Total 592 ly/day 

Additional terms in Sellers peak (cloudless. dry day) 

Ca, (no) absorption by clouds 25 
Aa. (no) a~sorption by air molecules, dust. water vapor 83 

Total 700 1y/day 

6.3 . 1.5.3 Relative Humidity 

Annual mean relative humidity at the Tract, 
(Sta. AB23) h~s averaged between 54 and 56% over the past 4 years. with winter 
hourly minimums to 10 and summer minimums to 9 (Table A6 . 3.1-5). 

6.3.1.5.4 PreCipitation 

Precipitation data, as indicated on Figure 
6.3 . 1-1 and Table 6.3.1-1 include measurements near two air quality stations. 
4 USGS stream gaugung stations. 1 USGS station on the Roan Plateau. and 10 
microclimate stations (under canopies). Monthly averages over all stations 
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are presented in Tables A6.3.l-6a through -6d. Monthly averages at the USGS 
stations are approximate only, inasmuch as sampling of these stations is 
somewhat randomized. Annual totals (± the microclimate stations and excluding 
the Roan Plateau station for which precipitation is higher than the Tract 
locale), 3-month running totals and the l-hour peaks for the past four years 
are given on Table 6.3.1-3. Monthly histographs for each year are presented 
on Figure 6.3.1-3, along with growing season information. Although 1977 was 
the wettest of the four years, (35.7 an), its dhtribut'ion was such that it 
came too late in the year to be a major influence on productivity (see the 
late peak in May-July), a fact borne out in the ecosystem interrelationships 
section . Lightest annual precipitation was 23.6 an in 1976. Peak down-pours 
for a 1-hour duration have reached 4.3 an on September 3, 1977. Between
station comparisons for AB20 and AB23 are portrayed on Figure 6.3 .1-4 as 
histograms, showing the local nature of precipitation between Tract (AB23) 
and Valley (AB20) . Differences in monthly totals of as much as 5.4 
em were observed in September 1977 . 

6. 3.1.5.5 Evaporation 

Evaporation during the growing season 
has been measured by an evaporation pan at Sta . AB23 in 1978. Monthly totals 
(Table A6 .3.1-7) "anged from 17.7 to 27.0 em, as "pan" values; asswning a 
0. 7 pan coefficient, lake values respectively range from 12.4 to 18.9 em. 

6.3.1.5.6 Barometric Pressure 

Annual mean barometric pressures at 
Tract Sta. AB23 have averaged approximately 790 mb over the past four years 
with hourly minimums as low as 753, and hourly maximums as high as 804 mb, 
(Table A6.3.1-8). 
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YEAR 

1975 

1976 

1977 

1978 

ANNUAL 
TOTAL* 

EXCLUSIVE INCLUDING 
OF MICROCLIMATE MICROCLIMATE 

STATIONS STATIONS 

24.95 24.86 

23.64 21.46 

35.74 30.35 

34.94 25.51 

TABLE 6.3.1-3 

PRECIPITATION (em) 

3-t«lNTH TOTAL* 
(Incl. Micro. Sta) 

MAR- APR-
APR- MAY-
HAY JUN 

5.74 7.53 

8.10 5.91 

4.38 2.52 

11.80 8.72 

MAY-
JUN-
JlIL 

8.06 

5.66 

8.15 

5.93 

* Obtained from Monthly averages over all stations 

1-HOUR MAXIMUM 

AMOUNT DATE 

1.19 AUGUST 

0.51 MAY 

4.32 SEPTEMBER 

1.35 MAY 

in vicinity of Tract (Excluding the Roan Plateau Station) 

14 

6 

3 

21 



10 

9 

8 

7 

It) 2 
It) 0 6 

z 
0 
.... 5 C( .... 
Cl. 

0 4 
I&J 
a:: 
Cl. 

3 

2 

1976 

FIG. 6.3.1-4 

PRECIPITATION FOR STATIONS 

A820 AND AB23 

"All Fl. MA" A~" MAT "Ulil "IlL AUfi arf' OCT IIOY Drc "All 

1977 MONTHLY TOT ALS 1978 



6.3 . 2 Wind Fields 

6.3.2.1 Scope 'and 'RatiOnale: 

This section analyzes the wind field data collected 
at the meteorological tower, and stations AB20. AB23. AB24, AD42. and AD56. 
Data consist of wind speed, wind direction. vertical variations in horizontal 
wind speed and wind direction, stability class, and upper air characteristics 
as determined by double theodolite, ,temperature-instrumented pilot balloon, 
acoustic-radar, and tethersonde soundings. Wind flow patterns and stability 
class provide information for diffusion model1,ng and poll utant transport and 
concentration . A summary of tracer test conducted in September 1978 is includ
ed as a specific analysis of typical meterological conditions in support of 
diffusion modeling 4 

6.3.2.2 Objectives: 

The objectives of this program are: 

a) to refine the knowledge of the wind ftelds in 
the vicinity of the C-b Tract . 

b) to provide supporting information for air quality 
data analysis. 

c) to provide inputs for air diffusion modeling. 

6.3.2.3 Experimental Design: 

Sampling frequency for wind data is identical to that 
of the air quality parameters. 

Parameters measured are shown in Table 6.3.2-1 . 

TABLE 6.3.2-1 WIND FIELD PARAMETERS AND STATIONS 

Parameter 

lO-m horizontal wind speed 
10m-horizontal wind direction 
30-m, 60-m horizontal wind speed 
30-m, 60-m II II direction 
10,30 60-m horizontal wind dir e std. 

deviation· 
6Temp. (6Om to 10m) 
Mixing layer height 
Winds aloft: 

Speed and direction 
Temperature 

• Computed quantity 
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Instrument 

Anemometer 
Vane 
Aneometer 
Vane 
Vane 

t:.T Sensor 
Acoustic Radar 

Station 

AB20,AB23,AB24,AD42,AD5 
II II II II II 

Met Tower (AA23) 
II II II 

II II II 

II II II 

AB20 

Double theodolite, AB24 
Temp. instrumented 
minisonde or pibal AB24 



Thus with the above measurements the near-surface 
(10m} wind field is assessed at five stations. 

The winds-aloft study was a jOint C-b. EPA study 
conducted for a one-year period (October 1977-78) 

Near-surface wind fields are determined from continuous monitoring of winds 
at the 10 meter height. The meteorological tower levels along with acoustic 
radar and piba1 trajectories provide data for vertical wind structure and 
stability conditions important for determining plume rise and for diffusion 
modeling. 

6.3.2.4 Method of Analysis: 

Analysis in this section consists of comparisons 
of wind field data over time and between sites. Temporal comparisons are 
made by comparing quarterly wind roses over several years at a given site and 
elevation. Seasonal differences are noted. In addition, time series plots 
are presented for winds at mixing-layer and inversion heights on Figures 
86.3.2-1 to -12. Spatial comparisons consist of comparisons of wind roses, 
inversion-height statistics, and piba1 temperature - altitude profiles with 
identical or comparable data collected at different sites. A study of the 
translatability of acoustic sounder data taken in Piceance Creek to the C-b 
Tract area is reported. 

6.3.2.5 Results and Discussion: 

The Environmental Baseline Final Report Volume 3, 
presents some detailed analyses of wind field data. Data collected since 
that report have been less extensive. Analyses presented here are in the 
form of extensions of some of the studies previously reported. It is 
discussed in three parts: a) near-surface wind fielJs, b) upper-air wind 
structure, and c) summary of tracer test conducted on Sepember 14, 1978. 

6.3.2.5.1 Near-Surface Wind Fields 

Determination of predominant wind speed 
and wind directions can be made by examination of quarterly wind-roses over the 
seasons and from year to year. Figures A6 . 3. 2A-1 through A6.3.2A-8 present 
the quarterly wind rose plots for two years for the various meteorological 
stations . A summary of the predominant wind direction and speeds is presented 
in Table 6. 3.2-2. The predominant wind direction at the meteorological tower 
is SSW and there is virtually no change from year to year. Fall and winter 
quarters have lower wind speeds than spring and summer at the 10 meter level . 
However, at the 30 meter level the wind speed difference between the quarters 
is less. As expected, wind speeds at 30 meter level are higher than at the 
10 meter level. 

Stations located in or near Picean' ! Creek Valley (AB20, AD42, AD56) tend to 
show dQwnstream (drainage) flow at li ight (E-ESE) and upstream flow (W-WNW) in 
daytime at all stations and for all seasons with drainage predominant. 
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TABLE 6.3.2-2 WINO ROSE COMPARISON AND OBSERVATIONS 

Site Quarter Predominant Wind Direction and Speed 
1974-1975 1975-1976 1976-1977 1977-1978 

Tower (AA23) Fall SSW (1-3) SSW «1) 
10 meter Winter SSW (1-3) SSW (1-3) 

Spring SSW (5-8) SSW (3-5) 
Sunmer SSW (5-8) SSW (5-8) 

Tower (AA23) Fall S (5-8m/sec ) SSW (5-8) SSW (5-8) SSW (5-8) 
30 meter Winter SSW (5-8) SSW (5-8) SSW (8-11) SSW (3-5) 

Spring SSW (5-8) SSW (5-8) SSW (8-11) S (3-5) 
Surrmer SSW (5-8) SSW (5-8) SSW (5-8) SSW (5-8) 

CXl~ AB20 Fa 11 E (1-3) ..... 0 10 meter Winter O)N 

Spring ESE (1-3) 
Surrmer E (1-3) 

AD42 Fall 
10 meter Winter 

Spring ESE (1-3) 
Stm1T1er E (1-3) 

AD56 Fall 
10 meter Winter 

Spring SE (1-3) 
Surrmer SE (1;..3) 



6.3.2.5.2 ~per-Air Wind Structure 

Three analyses are presented in this 
section: a) Acou! ~ic radar inversion and mixing data and the representativeness 
of the data to the C-b Tract area; b) double-versus single-theodolite pibal 
profiles; and c) atmospheric stability . 

a} Inversion and Mixing Heights 

Temperature inversion heights are 
measured by means of an AeroVironment Model 300 Acoustic Radar . The instrument 
was reactivated at Piceance Creek station AB20 in November 1977. The output 
of the instrument is a continuous strip chart record of reflected sound signals 
associated with thermal turbulence signatures; such signatures vary in character 
depending on whether the atmosphere is stable or unstable . The chart provides 
a means for determining the height in meters of temperature inversions and 
mixing layers above ground level. 

Figure A6.3.2A-9 shows average monthly inversion heights for months of December 
1977 through August 1978. The months are grouped by quarters to show seasonal 
patterns. Plots have been limited to hours with expectation of occurrence 
greater than 0.5. Winter months show average inversion heights of about 175 
meters above ground level. The average afternoon onset tim~ is 1830 hours and 
breakup the next morning about 1100 for an average duration of 16-1/2 hours. 
Spring months show average inversion heights of 200 meters. Onset time is 
about 1 hour later at 1930 and breakup is about 0900 the next morning. Average 
duration is 13-1/2 hours. The plots show the greatest average height range 
for the summer months with June averaging 300 meters, July averaging 350 meters, 
and August with 400 meter average. Duration in summer is shorter with average 
onset time of 1930 and breakup next morning about 0830 for about 13 hours average 
duration. 

Constant potential temperature and constant pressure lines on a cross section 
plot of elevation profiles from Piceance Creek to the C-b Tract are presented 
on Figures A6.3.2A-10 and -11 for two dates corresponding to tethersonde balloon 
flights. It is expected that inversion height profiles approximate lines of 
constant potential temperature as they exist on the same date. The acoustic 
radar is located at station AB20, the lowest point on the profile. Inversion 
heights in meters above this station can be translated to heights above the 
meteorological tower and compared with the constant potential temperature 
lines. The top of the 60 meter meteorological tower translates to 225 ± 25 
meters above the acoustic radar at site AB20 . 

To investigate the translatability of acoustic radar data observed in Piceance 
Creek to the C-b Tract, a comparison of inversion height measurements taken in 
1975 and 1976 were made. Two acoustic radars were operational, one at the 
meteorological tower site and the other in Piceance Creek first at siteAC21 and 
in June 1976 moved to siteAC2~ It has been possible to screen from the 
statistics inversions that were observed concurrently at both stations. Table 
6.3.2-3 shows the monthly mean inversion duration and heights of the concurrent 
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TABLE 6.3.2-3 

Site Year Month 

AB21 75 Nov. 

AB23 75 Nov. 

AB21 75 Dec. 

AB23 75 Dec. 

AB21 76 Jan. 

AB23 76 Jan. 
AB21 76 Feb. 

AB23 76 Feb. 

AB21 76 Mar. 

AB23 76 Mar. 

AB21 76 Apr . 

AB23 76 Apr. 

AB21 76 May 

AB23 76 May 

AB21 76 Jun. 

AB20 76 Jun. 
AB23 76 Jun. 

AB20 76 Oct. 

AB23 76 Oct. 

MONTHLY MEAN INVERSION HEIGHTS 
eOReORR~RT[Y XT TWO SITES On~~RV~D 

Mean(Hours) 
Duration 

18.09 
"12.73 
15.50 
16.80 
11.38 
14.31 
17.38 
15.06 
12.82 
10.85 
1,4.38 
10.38 
8.40 

10.20 
7.00 
8.56 
9.00 

12.83 
11.67 
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Mean Max. Mean Min. 
He1ght( lTI ) He1ght(m) 

278. 11 65.36 
161.85 45.47 
260.91 65.84 
195.99 60.05 
399.48 143.18 

219.99 65.04 
369.38 98.03 
322.59 52.65 
322.62 57.14 
191. 18 60.13 
307.39 44.81 
150.04 49.99 
459.09 208.42 
250.03 70.01 
569.98 249.94 
508.25 203.68 
262.04 81.96 
392.58 138.56 
250.04 88.32 

Mean AV9. 
Heighthn) 

198.29 
99.09 

167.34 
113.57 
292.76 
145.43 
268.15 
161.89 
218.24 
123.97 
212.67 
98.76 

370.88 
157.52 
480.52 
394.03 
159.68 
313.74 
164.26 



observations at each site. Figure A6.3.2A-10 and A5.3 . 2A-ll also show 
June and October 1976 monthly max, mean, and min inversion heights plotted 
on the elevation profi'es of constant potential temperature surfaces for 
specific dates. The constant potential temperature surfaces were determined 
by tethersonde flights on the dates . 

Mixing heights are also obtained from the acoustic radar records . As the 
ground-based inversion begins to breakup in the morning, surface temperature 
may rise faster than the upper air temperature resulting in a condition 
described as an inversion aloft. The temperature-altitude profile is similar 
to that in Figure 6.3.2-1 with the mixing height increasing until it is equal 
to inversion height. Similar conditions can occur with movements of warm and 
cold fronts. The air within the mixing height layer is described as neutral 
or unstable and provides for good mixing and diffusion of stack emissions . 

t. 
u ... 

INVE"SlON 

T ~ ALOfT 
~ 
~ INVI"SION 

!3 -r HEIGHT 

c MIXING 
HEIGHT 

TEMPERATURE ,. 

Figure 6.3 . 2-1 Temperature-Altitude Profile of an Elevated Inversion 

However, the air layer between the mixing height and the top of the temperature 
inversion ( increasing temperature with altitude) is stable and very little 
diffusion of stack emissions occurs in this air layer. Stack emissions below 
the mixing height are constrained by the inversion "lid". Stack emissions 
above the inversion height will continue to rise and will not penetrate down 
through the inversion. 

Mixing layer heights have been plotted as a time-series plot in Figure 86.3 . 2-12. 
Data are for the period of mid-November 1977 through September 1978. Mixing 
heights are reported for about 70% of the days with the great majority (about 
90%) being at the minimum reporting height of 30 meters. Occasional short 
duration heights (2 hours) of 100 to 150 meters are reported with a maximum of 
425 meters reported in September 1978. 
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b) Piba1 Si ng1e-Versus-Double Theodolite 
Comparison 

During the period from November 1977 
through October 1978, pilot balloons (piba1) were released twice daily every 
other day near trailer site AB24 in the early morning and afternoons. Upper 
air temperature, wind speed, and direction as a func tion of altitude were 
determined by tracking the ascent over several mi nutes and a rise through 
several thousand meters altitude by double theodolite. Upper-air temperature 
as a function of altitude was obtained through a tempe rature-sonde attached to 
the pibal. The signal transmitted from the tempera ture-sonde was monitored by 
radio receivers and used with the trajectory calcul at ions to produce temperature
altitude profiles . 

An alternative temperature-al titude prof ile is obtai ned f rom a single theodolite 
by assuming constant rate of rise and using t he t empe rature-time measurements . 

Single and double theodolite techniques for measuri ng upper air temperatures 
from the pibal data have been compared for several representa t ive morning and 
afternoon launches . Typical compa ra tive profiles are shown i n Figures A6.3.2A-12 
and A6.3.2A-13 for the lower 800 meter rortion of t he traj ectories. Stack plume 
rise can be expected to be well below this altitude under any meteorological 
condition. Single and double theodolite trajectories show similar profil es with 
respect to temperature-inversions and te~perature lapse rates. Altitude for a 
given temperat re was significantly different (approximately 100 meters) in 40 
percent of the comparisons; good agreement is achieved in 60 percent of the 
comparisons. The presence of an inversion is identi f ied and its al titude error 
is no greater than 100 meters . It is concluded from thi s comparison that either 
single or double theodolite determination of temperature-altitude profiles is 
adequate for air diffusion modeling inputs to be used for permi t applications. 

c) Stabi lity Class Study 

Monthl y ave rage stabil i ty cl as ses have 
been derived from hourly stability class da ta The hour ly sta bi lity classes were 
based on delta temperature measurements betwee n the 60 met er and 10 meter levels 
on the meteorological tower . Pasquill-Gifford stabili ty classes we re determined 
from the slope of the temperature altitude curve (dt/dz ) and adju sted for wind 
speed by the method describ d in the Baseline Report , Vol ume 3. Monthly averages 
by hour from the period from November 1976 t hrough September 1978 are shown in 
Table 6.3.2-4 for the months containing more than 50% of t he data Unstable, 
neutral. and stable class are indicated by shading . 

Comparison of these data with the baseline period (data shown in Tab l e 6 3.2-5) 
shows si·milar patterns for the broad cl assifications of unstabl e, neutral, and 
stable classes. The period for November 1976 throug h May 1977 is very simi lar 
to the same months in the baseline years . However , 1978 data for January-March 
and July-September tended to reflect a shift in stability class toward t he stable 
end of the scale (toward class F) by one Pasqui ll-Gi fford stability cla ss for m st 
of the monthly averages by hour . No cl ear expla nati on can be i dent ified for thi s. 
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Table 6.3 . 2-6 presents the percentage of hours in each stability class 
for each month. The baseline data are included for comparison. This table 
also reflects the shift to the more stable classes for 1978. 

Typically the hours between 0900 and 1900 are unstable. Nighttime and early 
mornings for summer and fall are typically stable while winter and spring are 
neutral stability . 

6.3.2.5.3 summart of Tracer Test Conducted on 
Septem er 14. 1978 

An experiment was conducted on the C-b 
Shale Oil Tract on September 14 and 15, 1978 with the objective of simulating 
the transport and dispersion of emissions from an elevated source in the vicinity 
of the proposed ancillary facility under meteorological conditions conducive 
to high ground level pollutant concentrations. Oil Shale Tract C-b Development 
Monitoring Report #1 (1978 ) cOl1tains a complete report of the tests. 
The results of the meteorological measurements and related analyses for the 
September 14 test are summarized in Appendix A6.3.2B as relevant analyses of the 
wind field conditions and gas concentrations under conditions frequently existing 
on the Tract . 

Figure 6.3.2-2 shows isopleths of SF6 for September 14 constructed from observed 
data. 

In the first hour, high concentrations of SF6 were detected at the mouth of 
Cottonwood Gulch. SF6 was also detected along the Piceance Creek east of the 
mouth of Cottonwood Gulch. This is definitely due to the influence of the 
drainage wind system. Concentrations were higher on the sout!lern bank of 
Piceance Creek than on the northern bank. Air flowing do~n the northern slope 
of the creek (drainage) kept the SF6 from building up on the northern bank. 

A similar pattern was observed in the second hour (0700-0800 MDT). In the 
following hour the tongue flowing down Cottonwood Gulch into Piceance Creek 
was almost non-existent. 

After 0900 MDT, the SF6 isopleths showed that high concentrations were observed 
only south of the point of release. Although fumigation of the plume definitely 
occurred during the hour beginning 0900 MDT, its duration must have ueen very 
short and thus did not result in any high concentrations when averaged over an 
hour. SF6 was still detected along the creek during the last two hours, not 
because tne plume was over the creek, but because the flow reversal (from 
drainage to upslope) brought back SF6 that was earlier transported down the 
creek. 

A number of observations can be deduced from the results of the expe"iment . 

(1) On 14 Sept~ber, when the synoptic pressure gradients were weak, local 
meteorology was responsible for the transport and diffusion of pollutants 
during nighttime and early morning hours. Under such a situation, the 
synoptic wind flow was not able to establish itself until after mid-day. 
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(2) When the plume was released within a layer of very stable air in complex 
terrain, the plume followed constant potential temperature surfaces, which 
followed the contour of the ground. It did not just fan out and stay at the 
same elevation above sea level. In specific, the plume flowed into Piceance 
Creek and followed the creek downstream rather than traveling across the 
creek at the level of release and impinging on the surface of the south
facing slope north of Piceance Creek. Contrary to observations of a fanning 
plume on flat terrain, a fanning plume over tract C-b did get down to the 
ground surface due to turbulence associated with the shearing effect of the 
tjrainage wind. 

(3) Fumigation of the plume did not result in high concentrations when measure
ments were averaged over a period of one-hour or more. 

(4) When the surface based inversion was shallow (as on 15 September}, the plume 
lofted above the inversion and pollutant concentrations at the surface were 
miniscule. 

(5) When the plume was released in a neutral-lapsed layer, the plume centerline 
followed the contour of ground surface as it traveled downwind. 

6.3 .2.6 Conclusions 

Conclusions supported by the analysis of wind fields 
data are: 

1. Predominant wind direction at the meteorological tower site on Tract is SSW~ 
this has not changed over time. 

2. Predominant wind direction in and near Piceance Creek is downstream (from 
east and southeast) over most of the nightime and early morning . Daytime 
direction reverses to upstream flow . 

3. Wind speed and direction have not changed significantly over the years from 
baseline through 1978. Spring and summer show higher wind speeds (5-8 
meters/sec.) than fall and winter (1-3 meters/sec.) at the 10 meter 
elevation level. 

4. Temperature inversions typically in the Piceance Creek Basin occur in the 
nighttime with onset about an hour before sunset and breakup next morning 
several hours after sunrise. Summer inversion heights are the highest 
(about 400 meter~) while winter inversion heights average 150 meters. 

5. Temperature inversions occurring i~ Piceance Creek at elevations above 150 
meters will generally extend over t he C-b Tract . Typically subtraction of 
150 meters from the local inversion heights and mixing heights observed at 
Piceance Creek Station AB20 is required to obtain heights above the C-b 
Tract. Very few mixing heights observed at Station AB20 exceed 150 meters. 

6. Temperature-Altitude profiles obtai ned from pibal trajectories i ndi cated 
inversion heights that were in agreement with acous tic radar inversion heights . 
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7. Temperature-altitude profiles obtained by either single or double theodolite 
are adequate for upper air temperature measurements over the C-b Tract. 

8. The atmosphere is typically unstable between hours 0900 and 1900. Nighttime 
is typically stable in summer and fall and neutral in the winter and spring. 

9. Tracer test meteorological data confirm the near-surface channelization of 
winds over the C-b Tract to flow downval1ey during early morning under stable 
conditions. 

10 . Tracer tests show higher concentrations of pollutant gases can be expected 
to occur along Piceance Creek to the north and west of the C-b Tract under 
stable conditions. 
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7.0. NOISE 

7.1 Introduction and Scope 

The environmental noise program conducted during baseline was not 
required under the lease but was requested by the Area Oil Shale Supervisor. 
General background noise leveis were sought on the Tract and surrounding 
vicinity prior to Tract development. Monitoring of those levels was reinitiated 
in February 1978, at the three sites shown in Figure 7.1.1-1 to determine the 
effects of Tract development on noise levels. 

7.2 Environmental Noise 

It is to be noted that occupational noise exposure is treated in 
Chapter 10.0 of this report. Aspects of environmental noise treated here deal 
with traffic and Tract-generated noise levels. 

7.2.1 Traffic Noise 

7.2.1.1 Scope and Rationale 

The traffic noise study was originatedduring baseline. 
Measurements were made one working day per month for approximately one hour at 
each of 14 locations over a 14-month span starting in September 1975. Measured 
noise levels (A weightings) above background at t~(O locations along Piceance 
Creek Road were always made in the presence of pessing vehicles. The noise 
analysis contained in the final baseline report indicated an average level at a 
station on Piceance Creek Road near Hunter Creek to be 53dbA which was exceeded 
ten percent of the time. 

On the basis of low noise levels existing during baseline as indicated in the 
final baseline report, it was felt that continued discrete measurements were 
warranted at only two of the original 14 locations. Stations NA02 and NA09 are 
located to indicate traffic noise levels associated with developMent. 

7.2.1.2 Objectives 

To measure potential increases in traffic noise levels 
due to developMent. 

7.2.1.3 Experimental Design 

Discrete traffic noise measurements are made one day 
per week during the morning shift chan~e in the presence of passing vehicles at 
Stations NA02 and NA09 (Figure 7.1.1-1) along Piceance Creek Road and on the 
access road at the Tract boundary, respectively. The General Radio 1565 Sound 
Level Meter (SLM) ;s used to measure peak noise levels at ~ weightings. Back
ground levels are obtained the same day at A, B, and C weightings. 
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FIGURE 71 . 1-1 
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7.2.1.4 Method of Analysis 

At each of the two stations, peak noise levels 
measured weekly are averaged once each month. 

7.2.1.5 Results and Discussion 

Figure 7.2.1-1 shows a time plot of peak traffic noise 
levels and background levels for the C-b Tract. The highest noise level of 
91 dbA occurred onJune 30, 1978 at Station NA02 from a passing semi-trailer 
truck; the background at that time was 44 dbA. The peak noise level indicated 
in the final baseline report was 83 dbA from a road scraper in July 1976. 
Seventy-five percent of the 1978 monthly peaks exceeded this level; on the 
average. the 1978 monthly peaks are 9 db higher than those during baseline. 
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7.2.1.6 Conclusions 
Monthly peak noise levels and background levels 

during 1978 exceed those of the baseline period by an average of 9 dbA. It is 
felt that this increase is probably development related. 

7.2.2 Tract Noise 

7.2.2.1 Scope and Rationale 

During the ancillary phase of development nearly all 
activity occurs near the northern boundary of the Tract. Thus a noise 
monitoring site in the vicinity of operations is most appropriate for monitoring 
noise levels on Tract due to ancillary development. 

7.2.2.2 Objectives 
The objectives of the Tract noise study are 1) to 

evaluate increases in Tract noise due to Tract dev~lopment, and 2) to demonstrate 
compliance with State noise regulations. 

State noise standards for an industrial zone are as follows in terms of maximum 

allowable noise levels: 

Steady: 80 db(A) 7am to next 7pm 
75 db(A) 7pm to next 7am 

15 min. in anyone hour 90 db(A) 7am to next 7pm 

Periodic, impulsive, 75 db(A) 7am to next 7pm 

shrill 70 db(A) 7pm to next 7am 

They apply within 25 feet of the property 1 i ne (Tract boundary). 

7.2.2.3 Experimental Design 

Continuous noise measurements are made at Station NB15 
(Fioure 7.1.1-1) on the northern boundary of the Tract for 24 hours every sixth 
day. The sensor recording system consists of t~e following B&K instruments: 

Precision Sound Level tSLM) with 0.5" microphone 
Portable Acoustic Cali~rator 
Microphone Rain Cover 
Wind Screen with Spikes 
0.5 11 Dehumi difi er 
Portable GraphiC Level Recorder 

Model 2203 
Model 4230 
Model UA 0393 
Model UA 0381 
Model UA 0308 
Mode 1 2306 

III this model the SLM is coupled to the battery-operated linear recorder for 
2:l-hollrs of unattended all-weather operations at an A-weighting. 

Thr SLM is calibrated before each day's use with its portable acoustic 
c~lihr~tor to + 0.25 db accura cy at 93.6 db, 1 kHz. The linear recorder for a 
rJIH\r is calibrated before and after each day's use. Thus any drifts are 
ft'.Hiily ~pparpnt. Time references are annotated before and after operation. 
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7.2.2.4 Method of Analysis 

/ 

Twelve-hour peaks (7am-7pm and 7pm-7am) are reported 
a10ng with averages and background levels for each day of observations. Figure 
7.2.2~ presents the peak l2-hour Tract noise levels. 
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7.2.2.5 Results and Discussion 

The peak Tract noise level reading of 83 decibels 
occurred on the first day of monitoring in February 1978; that peak did not 
excepd 90 dbA for 15 minutes in any hour. All other readings through September 
1978 at site NB15 were below 80 dbA from 0700 to 1900 and below 75 dbA from 
1900 to 0700. The average decibel level from 0700 to 1900 was below 45 dbA 
while the average from 1900-0700 was below 42 dbA. 

7.2.2.6 Conclusions 

1. Noise levels in the Tract area due to development 
activities have, for the most part, been low. Average levels of neither 12-hour 
period appear to have increased significantly during the study period . 

2. Compliance with State noise standards for an industrial zone WdS achieved. 

7.3 Overall Conclusions 

1. Peak noise levels and background levels along the Tract 
boundary increased by an average of 9 dbA since the baseline period . 

2. Average noise levels on Tract for the two 12-hour periods do not appear to 
have increased significantly due to development activities. 

3. Compliance with State noise standards for an industrial zone was achieved. 
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8.0 BIOLOGY 

8.1 Introduction and Sco~e 

The goal of the biological monitoring program is to continue 
evaluation of biotic conditions and identify interactions with abiotic 
conditions in the Tract C-b ecological systems. The majority of monitoring 
parameters are those that provide information relative to early warning 
signals of change. The use of control and development sites permits the 
monitoring of long-term trends at affected and non-affected sites, and the 
analysis of any corresponding differences developing over time at these sites. 

8.2 Big Game-Deer 

Big game refers primarily to mule deer, since they are the only 
large mammals common to the C-b area. Intensive studies of mule deer are 
justified since deer are a major herbivore of ecological importance, and a 
game species of economic importance. In addition, they are vulnerable to 
impact from development activities, road kill, and increased hunting pressure. 
Study transects and sample sizes are based on adequate samples obtained during 
baseline. 

Monitoring of mule deer attempts to show the significance of Tract C-b to 
their survival. This is accomplished through the following variables: 1) 
deer-use days, 2) distribution and migration, 3) road kills, 4) mortality, and 
5) age class. 

8.2.1 Deer Day Use 

8.2.1.1 Scope and Rationale 

Pellet group counts were conducted on 27 permanent 
transects on or near Tract C-b to evaluate the deer use in the area. 

8.2.1.2 Objectives 

The objectives were to use deer pellet group data to 
check to see if significant differences existed among the sizp.s and distributions 
of local deer concentrations at selected sites on a year-to-year basis. 

8.2.1.3 Experimental Design 

Two habitat types were sampled; pinyon-juniper 
woodland and chained pinyon-juniper. Fifteen transects were located in the 
chained habitat type and twelve transects were located in the woodland. These 
same transects were used for 1agomorph and browse utilization and production 
transects. Each transect consisted of 20 plots, with plots being 15 meters 
apart. Locations of the transects were well within the boundaries of the 
habitat type (avoiding habitat edges), and were positioned such that compal'isons 
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could be made of development vs. con trol areas , i . e., oil shale vs . non-oi l 
shale effects. Some of these transects were pl aced to the north and west of 
the Tract to detect shifts in di st r i bution due to dev lopment-related ac ti vi
ties . There were 9 developmental and 18 contro l transects . Stati ons using the 
symbol BA are identified on the j acket map Da ta concern·j ng deer pellet-
group dfStributions and densities were obtained by coun t i ng pellet-groups along 
these twenty-seven transects. Pell ets were swept from pl ots during the fa ll 
of 1977 and counts were made the following spring . 

Fifteen new transects were added to the origi nal twelve t hat were establi shed 
during the interim-monitori ng program: nine in he chai ned range l and hab itat 
on Big J;~ ridge; and si x in the pi nyon-juniper habi tat north of Piceance 
Creek . Both of these locations are just outside Tract C-b boundaries . 

The pellet-group data obta ined from all twenty- seven transects are here con
sidered to be baseline dat a. Construction operations , whi ch began during the 
past year, are assumed to ha ve caused no appreciable impac ts to deer in those 
areas where transects are l ocated . Transect BA16 , however , is nea r the main 
access road that wa s constructed during the spring of 1978 . Construction 
activities along thi s ri ght -of-way ha ve inf luenced pel l et count data on one 
or two of the 20 plots that make up the transect , but examination of these data 
do not suggest thi s to be the case. 

Since future deer pelle t counts are likel y to be mark dly i nfluenced at certai n 
transect locations due t o devel opment , the re lative differences which exist 
among the twenty seven transects at this final baseli ne stage are of considerab l e 
importance. This, and all prev ious baseline i nformation on pellet-grou p di s
tributions represent the final patt rn , or ar ray of data points , from which 
future departures of a significant nature will be 100 ed upon as due to devel op
ment-related impacts. 

8.2.1 . 4 Method of Analysis 

Results were evaluated u~ing single fac tor analysis 
of variance (ANOVA) and Student-Ne"'lIl1an-Keu1s (S K) multiple ra nge testing . 

8.2 . 1. 5 Res ults and Discus~i on 

The results of pell t-group counts for t he 1977 - 78 
pe r iod (Tables A8 . 2.l-l a t o l d) are presented as individua l estima tes fo r dens ity 
for t ach of the twenty- ~even trans-c ts and as cumbined values for clusters of 
transects . With regard to t h grouping of cer ain transects , it may be appro
priate in future evaluations to combine diffe rent clusters because of development 
activities in l oca tions not antlcipated at his time . Some amount of combini ng 
will probably always be ne dp.d in order to achieve sanlp1ing adequacy . 

The apparent di f fereices in the th ree sets of combi ned values for the chained 
rangeland habitat (Ta bl es hd . 2. 1-1a and lc) ~ere evaluated using sing l e factor 
anal ysis of variance (ANOVA) and Student-~ewman-Keuls (SNK) multip l e range 
test ing. Signi fic ant differ nccs (at the 95 percen leve l ) we re fou nd t o ex ist 
between the two combi ned valu s for the chained pinyon-ju niper transects on 
t he tract, namely , the mean densi .y estima'..e!:. of 288 vs . 437 pelle -groups pe r 
acre (t ra nsec ts BA17, 18, 25 VS . tra sects BA20 , 21, 25,(Tab1e A8.2.l-lc); and 
between the combi ed value of 398 per acre obta ined for Big Ji ::llny ridge (Tab le 
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A8.2.1-1c)and the 288 mean value for the tract (Table A8.2.1-1a). The 437 and 
398 values obtained for the tract and for Big Jimmy r idge respectively were 
not found to be significantly different. Differences in pellet-group densities 
among the four combined values for the pinyon-juniper habitat (Tables A8 . 2.1-1b 
and A8.2.1-1d) VIE're also subjected to ANDVA and SNK testing. All combinations 
of three values (105, 357 , and 238 pellet-groups per acre) (transects BA10-12; 
BA13-15, and BA19, 26 , 27) were found to be significantly different at the 95 
percent level. Only the differences between the two combined values for the 
tract (238 and 198) (transects BA16, 22, 24) were not found to be significant. 

In terms of trend evaluations it is important to note that the highest pellet
group density estimates obtained over the past two years occurred on transects 
BA2D and BA21, which are located near Sorghum Gulch . This consistency is de
monstrated in Figure 8 2.1-1, which also shows a consistent pattern of relative 
densities for all transec ts when comparing the two years . This apparent correla
tion is, in fact, statistically signlficant (r=0.86, P=O.OOl). 

The decline in the density estimates during the second year, 1977-78, represents 
a mean drop of 48 percent. This should not be taken as suggesting there were 
48 percent fewer deer durlng the 1977-78 period, since an investigator bias is 
known to have existed during the 1976-77 period . This bias, however, is believed 
to have uniformly inflated the 1976-77 estimates, and not to have affected rela
tive differences amo ng transects. 

Direct comparisons of pellet-group data over the past two years with data from 
the first two years of baseline study (C-b Final Environmental Baseline Report 
1974-76) is not possible, since trar,sect locations were changed for the develop
ment monitoring program. 

Data from pellet-group distribution and dens ' ty studies on transect locations 
which have been operative over the past two years have indicated very similar 
patterns of habitat use. 

8.2 . 2 Distribution and Migration 

8 2.2.1 Scope and Rationale 

Deer road counts have proven useful for showing deer 
distributions along the ?iceance Creek highway The structured road count 
ob~ervations are repeatable, and provide a means of quantifying changes in 
relative abunda nce and distribution 

8 2. 2 2 Objectives 

The main objec tives were to determine the seasonal 
and year-to-year movement patterns of deer . 

8 2 2.3 Experimental D_e~ 

Week ly sampling was obtained beginning in mid-September 
and ending in May. The sample area was the 4l-mi1e stretch of Highway 64 . Times 
of migration were based on the occurrence and disappearance of deer in the meadows. 
Counts were made frum a vehicle driving approximat~ly 30 m. p. h. The counts were 
started one hour _ 15 minutes before dusk and the direction of travel was alter~ 
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--CHAINED RANGELAND---- ---PINYON-JUNIPER 

SAMPLING LOCATIONS 

Fi~. 8.2.1-1 Trends in pellet- group densities . Dota shown are means ~ 95 percent 

conf idence intervals. Open circles are 1976 -77 data; closed circles ::I,t! 1977 - 78 

data . Although pellet - group densities are lower the second year I the pattern of 

habItat use is signif icantly correlated (y= 0 .86; p = 0 .001 ) . 
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for consecutive (weekly) counts. The number of deer observed in each mile inter
val was recorded according to feeding locations on the slopes or in the meadows. 

8.2.2.4 Method of Analysis 

Histograms were preparerl and compared to past years' 
data. The log-likelihood G test or other applicable nonparametric tests will 
be used if changes in observed distributions occur. 

8.2.2.5 Results and Discussion 

Twenty-nine road counts were conducted from September 
1977 to May 1978 (Table A8.2.2-1). The length of road traveled during this 
period of investigation (41 miles) was expanded by six miles over the previous 
three years of study to include the section of road from Little Hills to the 
White River. A summary of the deer road counts is presented in Figure 8.2.2-1. 

Due to seasonal differences in habitat use by deer and changes in vulnerability 
to road kill. Table A8.2.2-1 separates road count data into fall. winter, and 
spring periods. Locations along the road where fall road counts were particularly 
high include virtually the entire di s tance from mile 14 (01d1and's ranch) to 
mile 31 (Burk's ranch). From December through January. deer were not nearly as 
abundant near the road. although mile 22 (near Hunter Creek) retained a high 
count. During late winter and early spring. road counts w~re generally high 
over the entire 41 mile length of road. Very high counts occurred immediately 
west of the tract. between mile 20 (the main entrance road to Tract C-b) and 
mile 25 (near Rock School). 

Trends in the number of deer observed along the six miles of road which approxi
mately borders Tract C-b on the north will provide one means of evaluating impacts 
to deer due to construction and operation of the oil facility. It seems likely 
that disturbances and habitat loss on tract will eventually result in fewer deer 
observed especially from mile 17 to mile 20. No indications of this were appar
ent this past year. however. 

The 1977 fall influx of deer into the Tract C-b area occurred during mid-October. 
Apparently during mid April of 1978 deer began to move to higher summer range. 
This pattern is similar to what was observed over the past three years of base
line study. As in previous years (1974.'75.'76) the majority of deer observed 
during the October deer counts were concentrated in the meadows between mile 
markers #15 to 20. In the spring. with the exception of high concentrations be
tween mile 15 - 20. the deer have been fairly evenly distributed along the entire 
Piceance Creek highway. This was not the case in 1977. Large concentrations of 
deer were observed at the Rio Blanco Store end of the road. These slopes were 
free of snow before other south-facing slopes which may have attracted the deer. 
Deer distribution and migration will continue to be monitored and possible trends 
identified. 

8.2.3 Roadki11s 

8.2.3.1 Scope and Rationale 

Mule deer roadki11 data were collected weekly to obtain 
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information on the number of deer killed each year along the Piceance Creek 
highway. 

8.2.3.2 Objectives 

Roadkill data were collected to obtain an accurate 
fatality estimate and identify problem areas so mitigative measures could be 
taken, if necessary. 

8.2.3.3 Experimental Design 

Weekly roadkill data were collected from September 
1977 into May 1978 at the same stations used for the deer road-count study. 
Dead deer were aged, sexed, and tagged. In addition, one ear was removed to 
insure that double counting did not occur. 

8.2.3.4 Method of Analysis 

When several years of data has been collected, monthly 
time series tabulations and non -oarametric tests such as the log-likelihood G 
Test (Sokal & Rohlf 1967) will be used. 

8.2.3.5 Results and Discussion 

Roadkill data for 1977-1978 are presented in Table 
8.2.3-1. The total roadkill along the Piceance Creek highway was 125 deer and 
one elk. This figure was derived by combining the information gathered by 
Division of Wildlife and Tract C-b personnel. At present, only general ob
servations can be made. Most of the roadkills occurred in the fall and spring. 
This conCUl'S with the deer movements; many deer are close to the highway during 
these times. Approximately 50% of the deer killed were filwns. Roadkil1 in
formation will continue to be monitored closely to establish trends and possible 
mitigative measures. Cumulative roadkill approximates 1% of the total sited at 
these stations, noting that the same deer may be seen or recounted on subs~
quent weeks. 

8.2.4 Mortality 

8.2.4.1 Scope and Rationale 

Baseline studies have shown winter kills to be largely 
restricted to two abitat types, lateral draws and bottomland sagebrush. Check
ing these areas each spring has helped in observing changes in the relative magni
tude of deer mortality. 

8.2.4.2 Objectives 

The purpose of this study is to determine deer mortality 
in selected gulches. 

in lateral draws 
aged, sexed, and 
deer carcasses. 

8.2.4.3 Experimental Design 

Sampling was done in the spring in 10 plots located 
and sagebrush gulches (Map in jacket) . All dead deer were 
ta~ged with a metal tag stamped with the tudy year to date the 
Either the skull or pelvic girdle was required to be with the 
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MULE DEER ROADKILL SUMMARY (FAlL 1977 TO SPRING 1978) 

MIlE 0C'l' • NOV. 18:. ~. FEB. MAR. APR. AAY MIIE 
INmRVAL 24 27 28 3 10 17 1 8 1522 29 5 12 19 25 3 9 16 23 2 9 16 23 30 6 13 20 27 4 nm:RVAL 

o Rio Blanc;I) Store 0 
1 11 1 

2 1 1 2 

3 1 

4 
~ 4 

5 1 5 

6 6 

7 1 1 1 1 4 3 1 7 

8 1 8 
- -

9 1 1 9 

10 * 2 1 10 

11 1 1 1 11 

12 1 12 - -
13 1 13 - -
14 14 

- . - - - - - - - - . -
15 1 1 1 15 - -
16 1 1 16 - --
17 1 1 1 1 1 2 1 17 .- - --
18 1 1 1 1 1 18 

--. - _. .- --- - --
19 1 1 1 1 1 19 - - -
20 1 1 1 1 1 1 1 20 

---
2l 1 1 1 1 1 1 21 - - -- - - --
22 1 1 22 - - -. - - -
23 1 23 - . - -- & • _ .. - - -
24 Itx:k School 1 1 I 24 - .. , - - .. - - -
25 1 25 . - - I -
26 , 26 

- - . - - - . - - _.- . 
27 1 27 

28 1 28 
_I -. - - -

29 1 1 1 29 
-

30 30 - - -
31 3 2 1 31 

32 2 J2 .- -
33 33 - -
34 1 1 1 34 

35 1 35 

I 
-

36 1 36 

37 2 1 1 37 

38 38 

39 1 1 2 39 

40 2 1 40 

41 White River City 1 1 41 

1Ul'AL 3 4 2 1 5 4 7 1 1 0 0 0 5 6 3 2 2 2 311 10 5 2 7 3 3 6 1 0 2 

tcrE: '!\:)tal Kill was 125 Deer. One Elk k111ed. This Figure was derived from combining DO!·/ data with Cob data. 
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carcass before it was counted, i.e. just a leg or other bones did not constitute 
a carcass. 

8.2.4.4 Method of Analysis 

Non-parametric tests such as the 10g-11ke1.ihood G 
Test (Soka1 & Rohlf 1967) will be used when several years of data have been 
collected on these mortality plots. Tabular presentations are used here. 

8.2.4.5 Results and Conclusions 

A comparison of deer mortality is presented in Table 
8.2.4-1. Since several new draws have been added to the study, detailed analysis 
cannot be done. Possibly due to the mild winter, there werefewerdea~ deer per 
hectare than in previous years. Fawns comprised 80% of deer mortality found 
this year. 

8.2.5 Age Class 

8.2.5.1 Scope and Rationale 

Estimating the composition of the deer herd in the fall 
facilitates evaluation of the magnitude of fawn mortality that has occurred during 
the spring and summer while deer were on sumnler range. Estimates taken in spring 
permit evaluation of fawn mortality that occurred while deer were on winter range 
in the C-b area. 

8.2.5.2 Objectives 

The main objective of the age class study was to deter
mine fawn-to-adu1t ratios in the fall and spring. 

8.2.5.3 Experimental Design 

Sampling occurred in the fall and the spring. Sampling 
locations were situated in meadows immediately north of the Tract and major drain
ages within the study area. Counts were restricted to within five miles either 
side of Tract C-b and were conducted in November and in May. The observations 
took place during times of potential heavy concentrations. Animals were recorded 
as adults, fawns, or bucks. No attempt was made to recognize yearlings, and 
bucks were counted only when antlers were visible (otherwise, they were recorded 
as adults). The number of points on an antlered buck were noted when easily and 
quickly counted. 

8.2.5.4 Method of Analysis 

When sufficient data become available for year-to-year 
proportions to be established the T-test for proportions will be used to test 
the null hypothesis at the 0.10 level of significance. Data from this program, 
combined with data from the other Tract deer studies, tagged deer from the Division 
of Wildlife, and the roadkil l simulation model will be used to further understand 
the dynamics of the deer herd on and surrounding Tract C-b. Interrelationships 
with other ecosystem elemen t s may be evaluated through use of multiple time series 
techniques. 
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YEAR 

1977-78 

1976-77 

1975-76 

1974-75 

TABLE 8.2.4-1 DEER MORTALITY RESULTS 

NO. OF 
CARCASSES HECTARES 

HABITAT TYPE FOUND SAMPLED (ACRES) 

Sagebrush -
Lateral draw 25 70.5 (174) 

Interim Monitoring Period - No Sampling 

Lateral draws 

Lateral draws 

8 

11 

130 
844 

7.25 (18) 

7.25 (18) 

CARCASSESI 
HECTARE (ACRES) 

.3fi5 ( .144) 

1.10 (0.44) 

1.52 (0.61) 



8.2.5.5 Results and Conclusions 

An estimate of the age-class composition of deer 
wintering near Tract C-b is given in Table 8.2.5-1. Results differ markedly 
from the previous three years in that the ratio of fawns to adults was higher 
in the spring than in the previous fall. One would have expected proportion
ately fewer fawns in the spring due to higher winter fawn mortality. 

8.3 Medium-Sized Mammals 

The medium-sized mammals are restricted to several species which are 
important within the Tract C-b ecosystem, coyotes and lagomorph3 (cottontails 
and jackrabbits). Monitoring these animal groups will show important trends 
which will contribute to the understanding of predator and prey-species in the 
Tract C-b ecosystem. 

B.3.1 Coyote Abundance 

8.3.1.1 Scope and Rationale 

Coyotes are of ecological significance because they 
are a major predator on Tract C-b. They are of political and economic interest 
to the public with both strongly negative and positive supporters. Collection 
of scent post data is important in understanding the C-b ecosystem, particularly 
predator/prey relationships. 

8.3.1.2 Objectives 

The objective of conducting coyote scent post surveys 
was to detennine relative abundance of coyotes on or near the tract. 

8.3.1.3 Experimental Design 

The coyote scent post survey .is based on the Linhard 
and Knowlton Method (1975), which is currently being used by the U.S. Fish and 
Wildlife Service. Sampling was done in September along 15 miles of road seg
ments on or near the Tract. Scent stations along the transects were checked 
for the presence of tracks. Track surveys also yielded infonnation on other 
species of mammals which may have inhabited or occasionally passed through the 
Tract. The stations wefe checked the morning following the setting of the 
traps. 

8.3.1.4 Method of Analysis 

A relative index of abundance was calculated as a 
visit frequency. Professional judgment also will be used to detennine signifi
cant differences over time. 

8.3.1.5 Results and Conclusions 

Results of the September 1978 coyote scent stations 
survey (Table 8.3.1-1) are considerably lower than 1977 resillts. Indices 
~ 50 and 130 were obtained for 1978 and 1977 respectively. Reasons for 

the apparent decline are unknown. The only removal of coyotes of which we 
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Table 8.2.5-1 
Age class composition of mule deer wintering near Tract C-b 

Date Fawns Does 

15-23 Nov. 1977 85 107 

4-7 Apr. 1978 68 

Bucks Adults 

28 135 

104 

Fawns/ 
100 Does 

79.4 

Bucks/ 
100 Does 

26.2 

Fawns/ 
100 Adul ts 

63.0 

65.0 



Line 

2 

3 

5 

6 

7 

8 

Table 8.3.1-1 
Results of coyote scent statIon survey, 1978. 

Location 

Big Jimmy 

SG-9 

Scandard 

SG-15 

SG-ll 

Stewart ridge 

Stewart valley 

Ba i ley ridge 

No. of 
stat Ions 

25 

10 

10 

10 

10 

15 

10 

10 

No. of visits Index of abundance - x 1000 • 50 No.of stations 
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No. of 
visits 

2 

0 

0 

2 

0 

0 

0 



are aware took place in October 1978 when 42 coyotes wer~ trapped on the 
Oldland property north and east of Tract C-b. 

No new species of medium-sized mamnlals were identified during the past year of 

field study. 

8.3.2 Lagomorphs 

8.3.2.1 Scope and Rationale 

Cottontails and jackrabbits provide an important prey 
base for raptorial birds and coyotes. The cottontail is classified as a game 
species, but presently it is of little economic value in the vicinity of Tract 
C-b; however, at some future date its status coul d change. The lagomorph popu
lation estimates are based on relative abundance data collected from strip 

transects. 

8.3.2.2 Objectives 
The objectives were to determine the relative abundance 

of lagomorphs on or near Tract C-b. 

8.3.2.3 Experimental Design 
Relative abundance of cottontail rabbits was established 

along the twenty-seven transects used for mule deer pellet-group counts. The 
study was expanded to include Big Jimmy Ridge. The number of plots sampled were 

20 plots/transect. 

8.3.2.4 Method of Anal~ 
A relative index of abundance was calculated as a visit 

frequency. 
8.3.2.5 Results and Conclusions 

The results of this study are considered to be most 
valuable for comparing relative differences among years, rather than for com
parisons of differences among transects. Trend evaluations are not feasible 
at this time, however, since data for the twenty-seven transects being used are 
only available for the 1977-78 period. (Table 8.3.2-1). General observations 
between this year's and previous year's data show that cottontail abundance was 
slightly higher in the pinyon-juniper woodlands compared to chained pinyon
juniper. Field observations this fall tended to show that the cottontail pop-
ulation was hiQher in fall 1978 than in foll 1977. 

8.4 Sma 1 1 ManlTla 1 s 

8.4.1 Species Composition and Abundance 

8.4.1.1 Scope and Rati!lnal . .£ 

Sllla 11 mamna 1 s are importan to monitor because tliey 
~re bo h a prey base for predators and a major primary consumer. Monitoring 
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Table 8.3.2-1 
Relative abundance of cottontail rabbits, 1977-78. Each 
tr~nsect consists of twenty 0.01 acre plots. 

Transect 
Habitat and 

locat ion Mon I tor In9 
notatIon 

BA 01 
BA 02 
BA 03 
BA 04 
BA 05 
BA 06 
BA 07 
BA 08 
BA 09 
SA 17 
BA 18 
BA 25 
BA 21 
BA 20 
SA 23 
BA 19 
BA 26 
BA 27 
BA 16 
BA 22 
BA 24 
BA 13 
BA 14 
SA 15 
SA 10 
BA 11 
SA 12 

Baseline 
notation 

CH-C-12 
CN-C-ll 
CH-C-l0 
CH-C-9 
CH-c-8 
CH-C-7 
CH-C-6 
CH-C-5 
CH-c-4 
CH-C-l 
CH-C - 2 
CH-C-3 
CH-r-l 
CH-T-2 
CH-T-3 
PJ-C-l 
PJ-C-2 
PJ-C-3 
PJ-T-l 
PJ-T-2 
PJ-T-3 
PJ-C-4 
PJ-C-5 
PJ-C-6 
PJ-T-4 
PJ-T-5 
?J-T-6 

Chained, Big Jimmy 
II 

II 

II 

II 

II 

II 

II 

II 

Chained, Tract 
II 

II 

II 

II 

II 

Pinyon-juniper, Tract 
II 

II 

II 

II 

II 

P-J, north of Piceance Crk. 
I I 

II 

II 

II 

II 

Relative 
abundance* 

55 
15 
30 
45 
90 
55 
80 
65 
80 
35 
45 
60 
70 
35 
42 
40 
70 
90 
35 
58 
35 
85 
60 
15 
75 
75 
75 

* Relative abundance is calculated as a percent frequency ((No. of 
plots with fresh pellets present ~ No. 
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changes in selected small mammal parameters will aid in assessing potential 
effects of pollutants before populations of larger animals are greatly af
fected. 

8.4.1.2 Objectives 

The objectives of monitoring small mammals on Tract 
C-b were to determine small mammal species composition, reproductive conditions, 
age classes and relative abundances and to see how the development of Tract C-b 
is affecting this population as manifo ~ed by these parameters. 

8.4.1.3 Experimental Design 

Small mammal live trapping was conducted in three 
habitat types: pinyon-juniper woodland, chained rangeland, and agr1cultura1 
meadow. The agricultural meadow was divided into control and experimental 
(hereafter referred to as Ideve10pnent") plots. Linear transects consisting 
of 25 traps spaced at 10m were placed as follows: four transects in each of 
the two meadow locations; two transects each in the pinyon-juniper and chained 
rangeland habitats. Trapping occurred for three consecutive nights (omitting 
rainy nights) during June and August. After each night all traps were re
positioned using new transect locations. 

8.4.1.4 Method of Analysis 

Indices of relative abundance were calculated to 
allow comparisons between the data. 

8.4.1.5 Results and Conclusions 

Small mammal trapping results for the June and August 
periods (Table 8.4.1-1) are presented as indices of relative abundance in order 
that differences can be directly compared. Future trend evaluations will con
tinue to use these indices to facilitate descriptions of yearly fluctuations and 
changes suggestive of impacts. 

The small mammal results obtained this past year are in no way unusual compared 
to prior studies conducted during the first two years of baseline study. The 
deer mouse (peroilscus maniculatus) was, as in previous years, the most abundant 
small mammal spec es in the habitat types tr~pped on Tract C-b. Of most interest 
in subsequent years will be changes in pecies diversity and relative abundance 
between control and development locat 'ons in the agricultural meadows. 

8.5 Avifauna 

A wide variety of birds exist on Tract C-b and the surrounding area. 
Avifauna wer~ monitored to determine pot~ntial effects on habitat disturbance. 

8.5.1 Songbird Relative Abundance and Species Composition 

8.5.1.1 Scope and Rational~ 

Songbirds were monitored during their breeding season 
to determine potential development effects. It is anticipated that habitat 
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Table 8.4.1-1 
Relative abundance of small mammals, 1978. * 

Comnon name 
Scientific name 

Deer mouse 
Peromts cus maniculatus 

Montane vole 
Microtus montanus 

W~stern jumping mouse 
Zapus princeps 

Least chipmunk 
Eutamias minimus 

Uinta chipmunk 
Eutamias umbrinus 

Golden-~ntled ground squirrel 
Spermophilus lateral is 

Bushy-tailed woodrat 
Neotoma cinerea 

Meadow, 
control plot 

JUN AUG 

3.7 29.7 

0 1.3 

0 1.3 

0 0 

0 0 

0 0 

0 0 

TRAPPING LOCATION 

Meadow, 
developmental plot 

JUN AUG 

It.O 22.3 

0.3 0.7 

0.3 0.7 

0 O.~ 

0 0 

0 0.7 

0 0 

Pinyon
jun iper 

JUN AUG 

18 . 7 30.7 

0 0 

0 0 

0.7 1.3 

2·7 0·7 

0 0 

0 0 

Chained 
rangeland 

JUN AUG 

~4.7 28.7 

0 0 

0 0 

8.7 12 ·.0 

0·7 1 : 3 

1.3 0 

0 0.7 

* Relat ive abundance is calculated as a percent frequency ((No. of captures 7 number of trap · nights) x 100). In 
the meadow locations, 100 traps were set for three nights (300 trap-nights); in the pinyon- j uniper and 
chaine~ location~ 50 traps each were set for three nights (150 trap-nights). 



disturbance and increased hUm.1n activity may affect popu1i\tion densities and 
relative abundance of the more prominent species. Certain species may be more 
affected by man-made impacts than others. 

8.5.1.2 Objectives 

The objectives were to monitor population densities, 
species abundance and diversity of t.he songbirds in the area ana compare this 
Infonmation to past years data. 

8.5.1.3 Experimental Design 

Monitoring of ~vifauna for 1978 occurred between May 
23, 1978 and June 28, 1978. Monitoring efforts were consistent with previous 
interim sample periods in that two transects in Pinyon-juniper woodland and 
two tran~ects in chained Pinyon-juniper rangeland were censused. Each transect 
was sampled in quadruplicate; twice at the beginning of the breeding season, 
once in the middle and once at the end of the season. One transect in each 
habitat type (Transects 1 and 4) is located in an area which will not be dis
turbed by shale oil development. The remaining two transects (2, 3) are sample 
areas within each habit~t where some disturbance from oil shale development is 
antlcipated. All transects are 800 ~ters long and are permanently marked with 
steel rebar stakes and flagging. The method employed for censusing was the 
strip transect method as described by Emlen (1971) with slight modifications. 
This method provides data from which quantitative estimates of density of song
bird and songbird-like species can be calculated. 

8.5.1.4 Methods of Analysis 

The population density estimates for spec ies observed 
on strip transects were determined b'y one of the three methods described by 
Emlen (1971) which depended on the conspicuou ~ ness of the species to the ob
server. Since the validity of any of these methods vari ed for different species, 
professional judgment, based on experience with the conspicuousness of various 
species within different habltats during different seasons, was used in select
inq the best density estimator. The Shannon-Weiner calculations (Pielou 1966) 
were used to compute indices of species diversity (H') , maximum diversity (H'max) 
and equitabi1ity (J) for each habitat samp led by strip t ransect procedures. 
Symbols are defined in Table 8.5.1-1. After three years of monitoring, statis
tical analysis of variance will be applied to replicated census data from each 
of the plots to estimate variations within, as we ll as between sampling plots. 

8.5.1.5 Results and Conclusions 

Table 8.5.1-1 presents diversity indices calculated 
for each transect. As with previous sample periods, the pinyon-juniper wood
land exhibited greater avain diversity than the chained pinyon-juniper range
land. Brewer's sparrows and green-tai led towh os were the most abundant species 
in chained pinyon-juniper rangeland, while the ust it, black-throated gray 
warbler were common in pinyon-juniper woodland. 

Table A8.S. 1-1 in the appendix lists bird species observed during the spring 
1978 census. Included in Table A8.S. 1-1 are species that were observed but 
were not included in the quantitative analysis because they were not observed 
within a strip census corridor or because specific habits of species, such as 
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TABLE B.5.1-1 AVIFAUNA 

SHANNON-~/IENER DIVERSITY INDICES (H'), UNBIASED ESTIMATES OF H' (E(H ' », 

VARIANCE OF H' (var{H ' )), MAXIMUM EXPECTED VALUE OF H' (H' (max», AND 

EQUI ABILITY (J), FOR AVIFAUrlA TRANSECTS AT TRACT C-b DURING SPRING 

SAMPLE PERIOD, 1977, 1978 . 

VEGETATION TYPE YEAR H' E(H ' ) var(H') 

Cha ined Pinyon-Juniper RanQeland - 1977 1.494 1.454 0.009 
Contro l 1978 1.665 1.634 0.007 

Pi nyon-Junipe r Woodlan1 - Developmental 1977 2.469 2.432 0.003 
1978 2.398 2.350 0.004 

Chained Pinyon-Juniper Woodla nd - 1977 1.950 1.895 0.004 
Deve 1 opmenta 1 

1978 1.885 1.868 0.003 

~q77 2. 740 2.709 0.001 
Pinyon -Juniper Hoodland - Control 

'1978 2. 5~5 2.522 O.OO? 

DEFINITIONS FOR SHANNON-WlErlER CALCULATION VARIABLES 

H' (max) J 

2.079 0.718 

2.398 0.694 

2.890 0.854 
2.708 0.886 

2.197 0.888 

2.398 0.786 

2.944 0.931 

2.890 0.881 

H'=Diversi ty. H' is an estimate of the diversity of the to tal pop"lation of individuals in a species pool. 
It is dependent on both the number of species in a collection and the re lative obundance of each species 
(or evenness). Diversity can be thcJght of as ~asuring the uncertainty of predicting the species of an 
'individual drawn at random from the ent i re population of indi viduals of several species. This uncertainty, 
or diversity, of a community can be increa sed either by increasing the number of species or by evenin9 out 
the distribution of individuals among species. An H' value of zero is obta ined when all i nd ivi duals belong 
to the same spec ies. Maximum values are obtained when all indivi dua ls bel ong to different species. 

~ = The expec ted or unbiased estimate of H' . An estima te of diversity (H') corrected f r bias associ
ated wi th sa pIe s i ze. 

Va r (H') = Va r iance of H'. Variance is a measure of dispersion. It is defined to be the average of the 
square of the deviations of a set of measurements about their mean: 

It' (max) = The I'laxi mum value of H' . An estimate of maxi mum possible species diversity for a given number of 
species and i ndi viduals. 

J % Equi tabli i ty or E ve nn e~ ~ . he dis t ri butio l of i ndividuals among species is referred to as equitability. 
AS-di sc ussed under diversity. eve ~ ness is a component of diversi ty . Large values of J are indicative of a 
ra he r even dis ribu t ion of de~s i ies amonq species. while low val ues suggest dominance by a few species. 
J is exp ressed as t he rati o of H' over H' max (H'/H ' max ). 

139 
853 



red-tailed hawk and common raven. rendered them unsu1table for this type 
of quantitative analysis (Em1en 1971). Tables A8.S.1-2a through -2d 
summarized strip transect results and estimates of relative abundance and 
density for each transect. 

8.5.2 Upland Gamebirds - Mourning Dove Re1at1ve Abundance 

8.5.2.1 Scope and Rat10na1e 

F1eld observat1ons dur1ng the baseline data 
accumu1at10n program 1nd1cated that sage grouse and blue grouse popu1at10ns 
are so sparse on and near the Tract that no reasonable mon1tor1ng program 
for them can be des1gned to determine changes over time; thus. a monitoring 
program for them is not warranted. The mourn1ng dove is the only upland 
gamebird present in suff1c1ent numbers to be monitored. 

8.5.2.2 Objectives 

The objective was to monitor the mour'ning dove 
populations to see if development of Tract C-b has affected their relative 
abundance. 

8.5.2.3 Experimental Design 

Methods used were identical to those used for song
birds. Throughout the year gamebirds observed were recorded on Wildlife 
Observation Reports. 

8.5.2.4 Method of Analysis 

The data were analyzed 1n the ident1cal manner 
described for analyzing the relative abundance for the songbird-like 
population parameter. 

8.5.2.5 Results and Conclusions 

Table 8.5.2-1 shows mourning dove estimates on 
the four av1fauna transects on Tract C-b. Mourning doves were not found on 
the developmental transects during the sampling periods. There are not 
enough data to make any conclusions at this time. However. the mourning 
dove transects will continue ' to be monitored closely next year to see 
if this was a one-year occurrence or if mourning doves have moved out of 
the developmental areas. 
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Table 8.5.2-1 

Mourning Dove Estimates at Tract C-b for Spring Sample Peri od, 1978 

Coeff. Basal Density % Relative Transect Obs. Det. ...Mh /ha Abundance ---
Chained Pinyon-
Juniper (Control) 1.0 * 0.02 0.9 

Pinyon-Juniper 
(Developmental) 0 

Chained Pinyon-
Juniper (Develop-
mental) 0 

Pinyon-Jur.iper 
(Control) 5 0.74 * 0.17 4.2 

Other gamebirds seen on tract durin9 1978 included one sage grouse oy the 
meteorological tower in October and one blue grouse in Sorghum Draw in Dec
ember. Both birds were only observed one time. These birds were probably 
crossing Tract C-b to another location. 

8.5.3 Raptor Activity 

8.5.3.1 Scopa and Rationale 

Raptor activity was monitored on Tract C-b on a 
continuing basis because of the importance of r!ptors in the food chain, their 
apparent vulnerability to man's activities, tneir political value as threatened 
or endangered species, and their aesthetic appeal. 

8.5.3 . 2 Objectives 

The main objective was to detect changes in raptor 
utilization on or near Tract C-b. 

8.5.3.3 Experimental Design 

Trends in utilization of Tract C-b and immediately 
contiguous habitats by raptors were established for the breeding season by 
determining the percent of known nest sites which were occupied ~y nesting 
pairs and comparing this data with data obtained during the baseline period 
and following years. Nest occupancy checks were made annually durin9 mid-March 
(great horned owls and ravens), late-April (red-tailed ha~ks, eagles), and 
early-June (accipiters, American kestrels, harriers). Throughout the year, 
any raptor sightings by the field biologists within the study boundary were 
recorded. 

judgment. 

8.5.3.4 Methods of Analysis 

Data ana 1ysis of nest occupancy was by professional 
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8.5.3.5 Results and Conclusions 

Raptor nesting records for 1978 and the two previous 
years are listed in Table 8.5.3-1. Six active nests were located during the 
April sampling period, comprising of four red-tailed hawks and two great horned 
owl nests. Only three of the nests were active during the June census. All 
the nests contained young. 

In addition to the nesting raptors, other rapturs observed during 1978 on or 
near Tract C-b included: bald eagle. golden eagle. prairie falcon, Cooper's 
hawk. sharp shinned hawk, Amprican kestrel. turkey vulture, common raven and 
marsh hawk. Most of these raptors were observed in only small numbers. 

8.6 Aquatic Ecology 

The variables of the aquatic program to be sampled through the environ
mental monitoring program are benthos, periphyton, and water quality. Because 
aquatic eco~ystems could be secondarily affected by mining and development on 
tract, aquatic monitoring is essential. Benthos and periphyton are "indicators N 

of a significant change in stream characteristics downstream from oil shale 
development. The specific changes should be apparent in water quality parameters. 
In addition to the quarterly water analysis, daily water samples will be collected 
and stored for a month after periphyton are sampled and analyzed. If signifi
cant differences are noted in the primary indicators (periphyton and benthos) 
these daily samples can be analyzed to determine if changes in aquatic biota 
are due to a change in water quality. The daily water sampling will reflect rapid 
changes ~n water quality that may be short lived but still have an effect on 
the aquatic biota. Statistical comparisons to baseline data would show alter
ations of baseline conditions and indicate, through correlation coefficients, 
the severity of the impact so that timely corrections of detrimental conditions 
could be mada. 

8.6.1 Benthos 

8.6.1.1 Scope and Rationale 

The benthic species are important as lower-level 
consumers in the stream community as well as providing food for carnivorous 
species. They can be significant indicators of changes in the aquatic habitat. 
There are a number of organisms indicative of good or poor water quality con
ditions and qualitative data will giv. indication of changes in water quality. 

8.6.1.2 Objectives 

To infer water quality from invertebrate species 
present. 

8.6.1.3 Experimental Design 

The method used during the baseline and interim studies 
is continued during Development Monitoring. The surber sampler is used to make 
benthic collections at control and development stations on Piceance and Willow 
Creeks by the U.S.G.S. The following aquatic sampling stations est~blished 
during the baseline period are used: WU07 (control) and WU61 and WU58 
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TABLE 8.5.3-1 RAPTOR NESTING RECORD 

Nest No. Species Status Status Status 
1976 1977 1978 

--- Al!rll June AI!r11 June 

1 Unknown I I I 
2 Unknow'l I I I 
3 Unknown I I I 
4 Red- ta il ed Hawk E or Y I I 
5 Unknown I I I 
Sa COlTlTlOn Raven E or Y I 
6 Red-tailed Hawk E 2Y I 
7 Red- ta il ed Hawk I E 
8 Red- ta 11 ed Hawk 4Y E 
9 COllll1on Raven I I 

10 Red-ta11ed Hawk I I 
11 Could not Locate 
12 Red- ta i 1 ed Hawk I E 1Y 
13 Red-tailed Hawk I I I 
14 Unknown I I I 
15 Unknown I I I 
16 Great Horned Owl I E 2Y 
17 Great Hornpd Owl I I I 
18 Red-tai led Hawk I I I 
19 Great Horned Owl lY I I 
20 Not on Map 
21 Not on Map 
22 Unknown 
23 Not on Map 
24 Red- ta il ed Hawk I I I 
25 Great Horned Owl I I I 
26 Unknown i I I I 
27 Unknown I I I I 
28 Golden Eagle lY I I I 
29 Unknown I I I I 
30 Red-tailed Hawk 2Y I I I 
31 Unknown I I I I 
32 Great Horned Owl 2Y 2Y I I 
33 Unknown I I I I I 
34 Unknown I I I I I 
35 Unknown I I I I I 
36 Red-tailed Hawk 2Y I I I I 
37 Unknown I I I I I 
38 Unknown I I I I I 
39 Golden Eagle lY I I I I 
40 Unknown I I I I I 
41 Unknown I I I I I 
42 Unknown I I I I I 
42a Red-tailed Hawk 2Y I I 
43 Great Horned Owl 2Y I E 2Y 
44 Unknown I I I I 
45 Red- ta i1 ed Hawk 2Y I I I 
46 (new) Red-ta il ed Hawk E I 

Code: 
I 2 inactive nest 
E • adult bird observed in an incubating posture; presumed to be 

incubating eggs 
(2)Y : number of young observed in the nest 

E or Y = adult bird observed in an incubating posture; due to time of hear. 
assumed to be either incubating eggs or brooding very young c icks. 
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(development stations). (See jacket map for locations) Information from U.S.G.S. 
data will be used for correlations with data collected during environmental moni
toring. Sampling occurs monthly and is coordinated with surface water sam~ling. 
During winter months benthos studies are discontinued due to inaccessibility 
dependent on weather conditions as determined by the U.S.G.S. 

8.6.1.4 Method of Analysis 

The following hypotheses will be tested in this analysis 
after sufficient data become available: 

No significant change exists in Benthos communities over time. 
No significant difference exists in Benthos communities at 
control stations vs. developmental stations from baseli e data, 
recognizing the differences during baseline. 

Hypotheses will be tested utilizing Shannon-Weiner diversity indices and T-test 
for proportions at a = 0.10 level. 

For each sampling period, the data will be summarized as follows: identify 
"~cologically important" taxa, determine percent relative abundance and diversity 
(d) trends, compare these with previous sam~ling periods to ascertain seasonal 
trends, and compile a cumulative diversity (d) table. 

Each table will contain the following information: 

1. Totals by order and/or family. 
2. Totals by sample and station. 
3. Percent relative abundance for (1) and (2). 
4. Diversity (d) for (1) and (2). 
5. Maximum diversity (d) for (1) and (2). 
6. Equitability percent (e) for (1) and (2). 
7. Number of taxa by sample, order, and/or family. 

8.6.1.5 Results and Conclusions 

C-b has not received benthic data from the Water 
Resources Division of U.S.G.S. for time period after May, 1978; therefore, 
limited results and conclusions are available at this time. 

Table 8.6.1-1 summarizes the numbers of macroinvertebrates collected at six 
Piceance Creek stations during the two-year ecological baseline survey. (See 
Figure 8.6.1-1 for locations) The mean numbers of animals per square foot 
ranged from 25 at station PC-7 (Square-S Ranch site) to 79 at station PC-2 
(just below Stewart Gulch site). Diptera, oligochaetes, and Ephemeroptera 
were, by far, the numerically dominant animals. Numerous studies of macro
invertebrates have shown that substratum and current velocity al 'e important 
factors in determining the kinds and numbers present at particular sites. 

The trend for numbers of kinds of invertebrates except aquatic worms to decrease 
at stations PC-6 (Hunter Gulch site) and PC-7 relative to upstream stations is 
probably more a reflection of increased amounts of silt and mud at these 
locations than to factors of temperature or water quality. 

144 
858 



Taxon 

Ephemerop~era 

Odonata 

P1ecopte:ra 

Trichoptera 

Diptera 

01igochaeta 

Other 

Totals 

Mean 

Table 8.6.1-1 
Numbers of macroinvertebrates collected from 

Piceance Creek during 1974-1976 

Pl P2 P3 P5 P5a P6 P7 

319 240 402 303 190 116 36 

0 0 0 0 0 0 4 

21 8 66 48 18 5 3 

12 5 12 23 2 1 0 

344 378 472 372 198 173 39 

240 515 118 114 209 275 245 

68 42 68 63 28 17 2 

1004 1188 1118 923 645 587 329 

number/sample 67 79 76 62 54 42 25 
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1606 

4 

169 

55 

1976 

1716 

288 
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Everhart and May reported that the mean monthly numbers of benthic macroinverte
brates collected by them from four Piceance C2eek stations in the period December 
1968 through June

2
l969 was 144 individuals/ft and from July through December 

1969 it was 671ft. 

Numbers of macroinvertebrates in Piceance C eek samples were low;2for example, 
eight samples from East Parachute Creek averaged 242 organisms/ft and ten 
samples from West Parachute Creek averaged 474 individuals/ft2 (Oil Shale Proto
type Development roject, 1976). The same orders of insects that dominated 
Piceance Creek benthos were also dominant in Parachute Creek samples; however, 
oligochaetes were not an important part of the fauna there. Diffet~~ces in 
type of substratum seem to be the chief casual factor in differences between 
Piceance Creek and Parachute Creek benthic faunas. 

Not only were the numbers of macroinvertebrates in Piceance Creek small, but 
the individual organisms tend to be small. This is evident in the low fish 
food grade categories recorded during the two-year baseline survey. The volume 
of invertebrates (potential fi~h food) was usually in the poor grade (Lagler, 
1956), i.e., less than 1 cc/ft. The average volume of m~croinvertebrates re
ported by Everhart and May (1973) was less than 0.5 cclft . 

Everhart and May's data are not strictly comparable to baseline because two of 
their invertebrate sampling stations were farther downstream than any of that 
program. However, their data are typical of results reported by other investi
gators, namely, a strong tendency for production of macroinvertebrates to be 
less downstream from Ryan Gulch than upstream from that point. The mean monthly 
biomass in Piceance Creek near its confluence with White River was from 1/12 to 
1/40 that at their stations adjacent to Tract C-b. 

8.6.2 Periphyton 

8.6.2.1 Sco~e and Rationale 

The periphyton communities are the major primary 
producers in the streams. They provide a major food source for benthic organisms 
and some fish species. They can respond very quickly to changes in water quality, 
and as such can be an important parameter for early detection of habitat de
gradation. Periphyton are stationary; therefore, they respond to changes in 
water quality at given locations. Locations are: Hunter Creek Gauging Station 
WU61, (PC-6 of Figure 8.6.1-1) and Stewart Gulch Gauging Station WU07 (PC-l). 

8.6.2.2 Objective 

The objective is to infer water quality and bio
productivity from species present. 

8.6.~.3 Experimental Design 

Collection of periphyton samples is accomplished 
monthly from two sites using artificial substrates ~lass slides) which have 
been incubated in the wa t er for at least 21 days. Sampling ran from May 1, 
1978 to November 1, 1978, resulting in six collections. Six glass slides 
were incubated at each of the two locations. At the time of co llection, three 
slides are collected at each location and placed in individual plastic contai ners 
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for biomass analysis (total of 6 slides). Also, three additional slides are 
collected in individual plast1c conta1ners and preserved with IM-3" preserva
t1ve, a mod1fied Lugo1's solut10n, for taxonom1c 1dentification and enumeration 
(total of 6 s11des). 

The s11des collected for b10mass are oven dried at 105°C to constant weight. 
They are then weighed to the nearest m11l1gram, ashed at 500°C, rewetted with 
d1st1lled water to replace the wat~r of hydrat10n, oven drie~, and weighed 
aga1n. Biomass is reported as mg ash-free dry weight per cm . 

Slides collected for taxonomic identification and enumeration are scraped 
into an appropriate volume of water along with a sufficient amount of pre
servative to limit microbial growth and/or algal decomposition. The resulting 
solution is mixed thoroughly, and an aliquot withdrawn for quantitative analysis 
using aninverted microscope at a magnification of 560X. 

8.6.2.4 Methods of Analysis 

The following data are tabulated: 

1. Species identification. 
2. Total taxa by sam~le and station. 
3. Density (units/cm ). 
4. Percent relative abundance. 
5. Biomass (mg/cmZ) per sample. 
6. Diversity (d). 
7. Maximum diversity (10g2 number of species). 
8. Equitabi1ity percent. 

Diversity measurements will indicate, by the relative abundance of certain 
indicator species, the relative impact of oil shale development on the periphyton 
communities. 

The following hypotheses will be tested in this analysis: 

HO: 

No significant change exists in periphyton communities over time. 

No significant difference exists in periphyton communities at 
control stations vs. development stations from baseline data, 
recognizing the differences during baseline. 

Statistical analyses will be a comparison of productivity (biomass) and species 
diversity during monitoring versus baseline conditions, and include analysis of 
variance, correlation analysis, as well as non-parametric tests. A significant 
difference is based on statistical analysis and professional judgment. If the 
null hypotheses are rejected at a =0.10 level, daily water samples will be 
analyzed, periphyton sampling may be intensified in an effort to pinpoint the 
degradation, and as previously noted a systems dependent (fish shocking) study 
may be initiated. 

8.6.2.5 Results and Conclusions 

A total of 106 taxa were identified from Hunter and 
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Stewart Sta t ions in Piceance Creek. Colorado from the monthly samples taken 
between May and October 197B (Tables AB.6.2-1 through AB .6.2-6. These 
taxa were comprised uf B4 diatom taxa (Bac;llariophyta). 12 green algae taxa 
(Chlorophyta). six blue-green algae taxa (Cyanophyta), one cryptomonad taxon 
(Cryptophyta). and th 'ee yellow-brown algae taxa (Chrysophyta). Table AB.6.2-7 
lists the taxa observed and their months and locations of occurrence and 
dominance during the study . Spec 'jes diversity and biomass data for the six 
month study are summarized in Tables AB.6.2-B and AB.2.6-9. 

Variations in periphyton density occurred during the study period with 
minima recorded in May and maxima recorded the following month, June. 
Extreme station density differences occurred in August when the total 
density at Stewart Station was nearly five times less than at Hunter Station 
and in October when the totai density at Hunter Station was over five times 
less than at Stewart Station. 

In comparing the periphyton communities observed throughout the six month 
study period, a seasonal variation is apparent. In May and June the periphyton 
of both station5 was predominately Navicula and Nitzschia species . In July, 
August, and September, both stations were predominated by Achnanthes species 
with Cocconeis species becoming codominant in August and September . October 
was the only month where significant differences were observed in the periphyton 
constituents of the two stations. Stewart Station continued to be dominated by 
Achnanthes and Cocconeis species while at Hunter Station the importance of 
Achnanthes species was diminished and Navicula and Cocconeis species occurred 
as dominants in the periphyton. 

Annual variations also seem to be occurring in Piceance Creek based on com
parisons of 197B sampling to spring and fall periphyton analyses in 1977. In May 
1977 Navicula viridu1a var. avenacea dominated while in 197B other Navicula 
species and Nitzschia species dominat~d along with Cocconeis p1acentu1a at 
Hunter Station . The October 197B samples at Hunter Station were similar to those 
observed in 1977. Stewart Station, however, was quite dissimilar with Achnanthes 
and Cocconeis species dominating. 

The known ecological requirements and tolerances were similar for the diatom 
species found to dominate at some time in the study . They attain best develop
ment in 31ka1ine waters and are common in oligotrophic and mesothropic rivers 
of this region (Lowe 1974 and Patrick and Reimer 1966). The Nitzschia species 
that dominated in spring and summer, however, are generally more common in 
stand i ng waters . 

Species diversity values for the study are summarized in Table AB.6.2-B. 
Diversity values decreased steadily at both stations between May and July 
then increased again in August . In September and October at Stewart Station 
the diversity was extremely low. In October the differences between stations 
apparent from the dominant taxa was also visible when comparing diversity 
values with Hunter Station diversity being considerably higher. 

Biomass data are summarized for the study in Table AB.6 2-9. At Stewart 
Station mean biomass steadily decreased from 0.52 mg/cm~ in May to 0.05 mg/cm2 
in AUQust, increased to 0.35 mg/cm2 in September, then decreased again to 0.13 
mg/cm2 in October . At Hunter Station, biomass increased to a maximum in June 
(1 . 66 mg/cmZ) and steadily decreased t o the minimum recorded in October (0.22 mg/cm2), 
During the six month study, productivity as determined by the biomass was highest 

149 
863 



at Hunter Station. 

In additiun to the 1977 and 1978 periphyton data discussed in previous pages 
periphyton data were collected in 1974. 1975. and 1976 from Piceance Creek. 
Colorado (C-b Shale Oil Venture eta al 1977). 

In comparing the 1974-1976 periphyton data to the 1977-1978 data. difficulties 
arise because sampling sites for the two studies were changed and in 1974-1976 
there were gaps in the data collected due t~ destroyed samplers. For these 
reasons. meaningful comparisons can only be made between data collected from 
Stewart and Hunter Stations for 1977-1978 and data collected from similar sites 
at Stewart and Hunter Stations for 1974-1976. 

Station PC-3 with periphyton community analysis data for 1974. 1975. and 1976 
(Table A8 .6. 2-10) and biomass productivity data for 1975 and 1976 (Table 
A8.6.2-12) is downstream from and has been compared to Stewart Station. 
Station PC-6 with periphyton community analysis data for 1974. 1975. and 1976 
(Table A8.6.2-11) and biomass productivity data for 1975 and 1976 (Table 
A8 .6.2-12) is downstream from and has been compared to Hunter Station. 

The periphyton community analysis data for 1974-1976 is qualitative only. No 
information is available for comparison on periphyton abundance and dominance. 

Since the occurrence of a taxa in a sample could indicate the chance presence 
of a single individual unsuited to the present environmental conditions rather 
than a growth response of an organism to favorable conditions. dominant taxa 
(present at abundances greater than 5% of the total abundance) are often used 
to describe an algal community . In the case of the 1974-1976 data where dominance 
was not indicated, taxa dominating in 1977 and 1978 have been compared to th~se 
occurring in 1974-1976. 

In the vicinity of Stewart Station there appears to be considerable annual 
variation in the periphyton community. 

In spring 1978, Navicula tripunctata var. schizonenoides, Navicula secreta var . 
apiculata, Nitzschia pa19;' Nitzschia spp •• and other pennate diatoms were the 
dominant taxa while in 7 Navicula viridula va~ avenacea was the only taxa 
present as a dominant. In 1976, when spring collection data is available. 
Navicula viridula and Nitzschia palea were the only taxa recorded that corres
ponded to the 1977 and 1978 dominants. 

In summer 1978, three Achnanthes species, two Cocconeis species and Navicula 
secreta var. apiculata were the dominant taxa. Two of these six taxa were 
recorded as having occurred in 1976, Achnanthes SPa and Cocconeis placentula, 
while in 1975 Cocconeis placentula was the only taxa of the 1978 dominants 
recorded as present. 

In fall, major annual differences were apparent in the vicinity of Stewart 
Station . In 1978 Achnanthes minutissima and Cocconeis pediculus dominated 
the periphyton . Navicula secreta var. apiculata and Navicula viridula var . 
avenacea were the dominant taxa, in 1977. Of the taxa found in abundance in 
1977 and 1978, Navicula viridula occurred in the fall periphyton collection 
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in 1975 and Cocconeis sp. and Navicula sp. occurred in 1974. 

In the vicinity of Hunter Station some annual variat i on was apparent . In 
spring 1977, Navicula viridula var. avenacea dominated the periphyton 
community . In addition to this taxa. in 1978 Achnanthes minutissima, 
Navicula cryptocephala, lie secreta var. apiculata, R. viridu1a var. avenacea, 
N. tripunctata var. schizonemoides, Nitzschia bf1eh' Nitzschia spp . , and 
other pennate diatoms occurred as dominants . t ese 1977 and 1978 dominant 
taxa, Navicula crlgto ephala and N. viridula were recorded from the periphyton 
in the spring of 75 and 1976. -

In summer during 1978, three Achnanthes species and two Cocconeis species 
dominated the periphyton co11ect;on . Of these taxa Coccone;s ~1acentul~ 
was recorded occurring in 1975 and 1976. In addition, Achnant es lanceolata 
occurred in 1976 . 

In fall 1977 Navicula viridu1a var. avenacea and N. secreta var. apiculata 
were the dominant taxa. In 1978 the dominant taxa were these same two Navicula 
taxa, Achnanthes lanceolata var. dubia, and two Cocconeis species . Of these 
dominant taxa of 1977 and 1978, two occurred in the fall samples of 1975, 
Navicula viridula and Cocconeis p1acentu1a . In 1974 Achnanthes sp . , Coccone1s 
placentula, and Navicula sp . were the taxa occu;ring in common with the 1977 
and 1978 dominants . 

Differences in sampling techniques and levels of t axonomic expertise may be 
responsible for some of the variation observed between the periphyton communi
ties of 1974-1976 and 1977-1978. Although annual differences have apparently 
occurred, the reasons for these differences are not immediately apparent. 
Combinations of a number of environmental factors such as light (turbidity), 
temperature, flow rate, nutrients, and pH all effect the periphyton community. 
Any or all of these factors may vary on an annual basis irrespective of any 
man-made perturbations . 

Although variability in the periphyton communities is apparent annually, 
seasonally, and between stations, most of the taxa observed over the five 
year study in the vicinity of Stewart and Hunter Stations were diatoms with 
similar environmental requirements . According to Lowe (1974) most of the 
diatom taxa observed attain best development in alkaline waters (pH> 7) of 
relatively high inorganic nutrient concen t rations . They are common in small 
or large streams of ponds . Most of the taxa recorded as abundant are con
sidered to be cold water forms. 

The seasonal fluctuation apparent in ash-free dry w~ight biomass productivity 
was highest in summer and fall when light and temperature were optimum for 
growth. Spate and drought occurrences are probabl y the most important 
facto~governing the time and degree of high productivity in the summer and 
fall. In 1975 productivity was high in late summer and fall while in 1976 
the high values occurred in spring and early summer with a low value in 
mid-summer (July). A July 1976 high flow rate of approxi mately 40 cfs 
could have scoured the periphyti c algae from the glass slides and reduced 
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the recordable biomass productivity. Simarily in August 1978 productivity 
was low. Increased flow rate was probably the reason for this also. On an 
annual basis the range of productivity values recorded were generally com
parable over the five year study. 

Productivity at the different stations was also variable. In 1975, 1976, and 
1977 biomass productivity tended to be higher at Stewart Station than at 
Hunter Station while in 1978 the reverse was true. Continued study will be 
required to determine if this trend will continue. Figure 8.6.2-1 grlphica1ly 
presents the productivity results for 1975-1978. 

8.6.3 Water Quality 

Surface water quality is now consolidated in Section 5.2 

8.7 Terrestrial Studies 

The terrestrial studies portion of the Environmental Baseline Program 
was designed to describe the predevelopment, biological environment within the 
study area (the dotted lines of the jacket ma~and to provide baseline data to 
be used in monitoring changes in the biota as a result of oil shale development. 
Baseline parameters were selected for their usefulness in describing the existing 
environment on Tract C-b. Development monitoring parameters were judged to be 
useful because of their me4surabil1~ or observab1lity or relative low natural 
variability, and/or sensitivity to expected environmental perturbations. Sample 
locations during Development Monitoring art shown on the jacket map. 

8.7.1 Vegetation Community Structure and Composition 

8.7.1.1 Scope and Rltionale 

The vegetation community structure and composition 
studies are conducted to evaluate major changes in the makeup of the major 
plant communities on the Tract. Other vegetation monitoring programs provide 
a better means for statistically evaluating changes. The structure and compo
sition studies are better used for evaluating general vegetational trends. 
These studies are centered on the six intensive study sites which are sampled 
on a three year rotational basis. Chained pinyon-juniper rangeland Plots were 
sampled in 1978, pinyon-juniper woodland Plots will be sampled in 1979 and 
sagebrush Plot~ will be sampled in 1980. 

8. 7.1.2 Objectives 

The objective of the community structure and composi
t "ion studies is to obtain long-term data from permanently located sampling 
quadrats so as to evaluate differences innumerous species . The productivity 
studies, discussed later, focus on monitoring a process; the structure and 
composition studies focus on the performance of species within the major 
vegetation types . 
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B.7.1.3 Experimental Desi gn 

The community structu re and composition studies are 
conducted at the six intensive study plots. Two arc located in the pinyon
juniper woodland type, two in the chained rangeland type and one each in the 
bottom1~nd sagebrush and upland sagebrush types . At each location a grid of 
25 1.Om quadrats has been established in a permanently fenced and an adjoining 
open area (a grid in each for a total of 50 quadr~ts for each site) . Observa
tions on herb layer species are made in the 1.0 m2 quadrats. 

Shrubs are sampled along line-strip transects. The center posts marking the 
herb quadrats serve as end points of the transects, thus producing a total of 
20 line-strips per grid. The herb quadrats are established on 10 meter centers. 
The line-strips are 10 meters long and 4 me ters wide . In the woodland plots, 
trees are surveyed within the 10m x 4m tra nsects . The following parameters 
are being monitored: cover and frequency for herbs. cover, frequency, and 
density for shrubs; and diameter and canopy cover for trees . 

B.7 . 1.4 Method of Analysis 

Data from the communi ty structure and composition 
studies have been evaluated mostly through the use of trend analysis . Total 
vegetation cover in the herb layer will be evaluated in a fu tu re report using 
a one-way analysis of variance test to examine yearly di fferenc es in total 
cover. 

B.7 . 1. 5 Results and Conclusi ons 

Herb quadrat summaries for Pl ot 1-0 and Plot 1-F 
are presented in Tables AB . 7.1-1 and AB . 7. 1-2 . In order to provi de more 
information about the vegetation at these sites , indiv idual estimates of 
species cover were made during 1978. These data were not recorded duri ng the 
basel ine period. 

Species composition at both Plots 1-0 and 1-F is es sentially t he same as i t 
was during the baseline period. Annual speci es conti nue t o be s0mewhat variable, 
and frequency values for these species tend to be more subj ect t o changes than 
for perennial species . There was no signi f icant difference in total cover 
between 197B and 1975 and 1976 at either Pl ot 1-0 or Plot 1-F. 

Herb quadrat summaries for Plot 2-0 and Plot 2- F are presented in Tabl es 
AB.7.1-3 and AB.7.1-4. No major differences were noted in species composition 
in either plot . At Plot 2-0, the differences i n to t al cover observed in 
197B were not significant compared wi t h t he values obtained during t he baseline 
years. At Plot 2-F, however, the differences between 1975 and 1978 and 
between 1976 and 1978 were signi f ican t with 1978 ha ving l ess cover than i n 
either of the other years. 

Shrub species frequency, mean cover and relat ive cover have not cha nged 
substantially over the last 4 years at Plots 1-0, l-F, 2-0 , and 2- F (Tab les 
AB.7.1-5 to -8) . Values were not t ested sta tistica l ly; howeve r , the 1978 
values appear to be comparable to t hose obtained during the base l ine period . 
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During 1978, Juniperus scopu10rum was not separated from Juniperus osteospenma. 
The fact that J. scopolorum didinot appear in the data was a result of mis
identification. Density values for shrubs were also comparable to those 
obtained during the baseline period (Table AA.7.l-9). The variability in 
the data is somewhat higher, mainly because density is a more difficult 
parameter to measure than cover or presence. One general trend which can be seen 
is an increase in the number of sagebrush plants. 

8.7.l ~ 6 Conclusions 

The monitoring data suggest that over the past 
four years there have been no major changes in species composition or 
communit,y structure in the chained rangelands. The general trend has been 
for a s : ight increase in total cover and also for an increase in the density 
of big sagebrush. These changes are closely related to the successional 
characteristic of the chained rangelands. The trend for increasing shrub 
cover and density is likely to continue until the tree saplings mature into 
tree-size individuals. 

8. 7.2 Herbaceous Productivity and Utilization 

8.7.2.1 Scope and Rationale 

Productivity of vegetation is intrinsically important 
in the operation of ecosystems on Tract C-b. The amount of production and 
availability of food are both of consequence for animal species tlithin the 
system. Any significant interruption in production may well be manifested in 
changes throughout the system. In terms of monitoring, herbaceous production 
is a more convenient parameter to measure and is a reflection of the total 
production in any of the communities on the Tract. By monitoring the herbaceous 
production it is possible to evaluate yearly and site-to-site differences 
in productivity. 

The scope of the herbaceous productivity and utilization studies includes 
sampling on Tract-wide basis, sampling at the intensive study sites established 
during the baseline studies period, sampling control and treatment sites north 
of Piceance Creek in an area which may possibly be impacted by industrial 
development, and also sampling in native communities fertilized in order to 
increase production. 

8.7 . 2.2 Objectives 

The objectives of the productivity and utilization 
studies are to provide a means for measuring trends of herbaceous production 
and utilization, to provide a way of evaluating changes in production related 
to development activities, and to evaluate any changes in utilization by 
grazing. 
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8.7.2.3 Experimental Design 

Herbaceous production and utilization are be1ng 
studied on a Tract-wide basis through the use of randomly located exclosures. 
These p.xciosures (range cages) are small 1n size and prevent graz1ng by 
large herbivores on more than one square meter of ground. Ten exclosures 
are placed thro~ghout the Tract in each of the four major plant commun1t1es 
(p1nyon-jun1per woodlands, chained pinyon-juniper ran~elands, upland $age
brush shrublands, and bottomland sagebrush shrublands). The range cages 
are clipped in late July and all of the current years growth is fractionated 
on the basis of species for western wheatgrass (Agropyron smithii), cheat
grass (Bromus tectorum), and Indian ricegrass (Oryzopsis hymen01des). and 
on the basis of life form for other perennial grasses, other annual grasses, 
perennial forbs, annual forbs, and half-shrubs. At the same time the cages 
are c11pped, a randomly located quadrat of the same size is clipped in an 
area close to the range cage in order to obtain the necessary data for evaluat
ing utilization . The clipped samples are returned to the lab, oven dried to 
a constant weight, and then weighed to the nearest milligram. 

Production studies at the intensive study sites are being conducted using a 
double sampling approach. Fifty one-square meter quadrats are randomly 
located in seasonally fenced plots at the intensive study sites. (Fences 
are put up at the beginning of the growing season and removed after the 
studies have been completed at the end of the season). The weight in grams 
for each of the current years growth fractions is estimated in each of the 
fifty quadrats. Ten of the quadrats are clipped in addition to being estimated. 
Once the samples have been dried and we1ghed, regression equations are developed 
for each of the species or species groups. All of the fresh estimates are then 
corrected to an oven dry weight on the basis of the derived equations . Total 
production est1mates are derived from an equation rather than by summing 
individual fract10ns for each quadrat. Data from these studies are compared 
with information derived during baseline periods and are also used to compare 
vegetation types and study sites within any given year. 

The areas north of Piceance Creek have been 1dentified as possible sulfur 
dioxide accumulation areas. In order to evaluate potential air pollution 
effects, herbaceous production estimates are to be obtained in the affected 
area as well as in a comparable control area. In 1978 both the affected and 
control sites were sampled using ten randomly located range cages in each 
area. Open areas near each of the cages were also clipped in order to evaluate 
utilization at each site. Samples were obtained and handled in the same 
manner as that used for other range cage studies. These data will serve as 
the baseline for evaluating changes in the affected area. 

The effects of fertilization in native vegetation types are also being monitored. 
T' .... \) different fertilizer treatments (anmoni um nitrate and ammonium nitrate plus 
phosphorus) are being employed at two sites in the ~hained rangeland community 
type. One range cage is randomly located within each treatment at each site . 
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Control data are obtained from sites adjacent to the fertilizer application 
areas. Open areas near the range cages are clipped in order to evaluate 
utilization in the fertilizer areas. The data are collected and handled in 
the same manner as in other range cage studies. 

B.7.2.4 Methods of Analyses 

Analysis of the herbaceous production data is focused 
on four areas of comparison. These include the evaluation of: 

1. Differences among vegetation types during a given growing season . 
2. Differences between study sites of the same vegetation type during 

a given growing season . 
3. Differences between years within a given vegetation type . 
4. Differences between fenced and open areas within a vegetation type 

during a given growing season. 

Total production is used as the parameter for comparison. Evaluation of 
diff~rences is accomplished using a one-way analysis of variance IF-test) 
to test whether or not the means in question are the same. 

B.7.2.5 Results and Discussion 

Tract-wide Range ca~e Studies. The Tract-wide range 
cage studies were used to obtain a more broa ly based estimate of production 
tha~ that derived from the intensive study plots. Each of the four major 
vegetation types is discussed separately. 

Data from each of range cages sampled in the pinyon-juniper woodland type 

!~~d~~~~~n!~~r!~e~a~~~4A~i~~2(~9l i~~i!c~r~~~c~~~~ ~~Bt~im~i(~~nl~~/!~)rin open 
areas near the cages (Table AB.7.2-2). In both cases most of the production 
was attributable to perennial grasses. Annual forbs and half-shrubs occurred 
only sporadically . 

Oven dry weight data from the chained rangeland range cages and open areas 
are presented in Table AB.7 . 2-3. Total production averaged 63.5 g/m2 (566 lbs/ac) 
for the range cages and 53.2 g/m2 (474 1bs/ac) for the open areas. The great
est percentage of the production was attributable to Indian ricegrass. western 
wheatgrass and the other perennial grasses (Table AB.7.2-4) 

Oven dry weight data for range cages and open areas in the upland sagebrush 
shrubland type are presented in Table AB.7.2-5. Total production averaged 
6B . 0 g/m2 (606 1bs/ac) in the range cages and 47.2 91m2 (420 lbs/ac) in the 
open areas. Major producing species included western wheatgrass and other 
perennial grasses (Table AB.7.2-6). Forbs accounted for less than 10 percent 
of the total production. Half-shrubs were encountered occasionally; however 
when they occurred in the sample. they contributed substantially to the total 
production. 
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Data from the range cages and open areas in the bottomland sagebrush 
shrub1and type are presented in Table AS.7.2-7. Total producti~n 
averaged 32.9 g/m2 (293 lbs/ac) in the range cages and 16.6 g/m (14S 
lbs/ac) in the open areas. The dominant species was cheatgrass which 
accounted for 45 percent of the production in the range cages and 34 percent 
of the production in the open areas (Table AS.7 . 2-S). 

Intensive Study Plots - 1977 . Field data and oven dry weights from May. 
June and July, 1977 for the six intensive study plots were presented in the 
1977 Tract C-b interim monitoring data report. The results presented in this 
section are summaries based on regression equations derived from the May. 
June and July data (Tables AS . 7.2-9 to -ll). 

1977 was a very dry year on the Tract, and total production estimates were 
subst6ntially lower than those reported for previous years . Not only were 
the production estimates lower, but the pattern of seasonal development was 
also different from previous years. In some cases the maximum standing crop 
was attained in May, whereas in more normal precipitation years maximum stand
ing crop was not reached until July . 

Production data for chained rangeland Plots 1-0 and 1-F for May. June and July 
are presented in Tables AS.7 . 2-12 to -14. Maximum standing crop in the fenced 
plot was 11.1 g/m2 (99 lbs/ac) an~ was measured in July. In the open plot 
maximum standing crop was S.S g/m (7S lbs/ac) and was also measured in July . 
Most of the production in both the open and fenced plots was attributable to 
perennial grasses . In chained rangeland Plots 2-0 and 2-F (Tables AS.7-2-l5 
to -17) the maximum standing crop was 12.5 g/m2 (111 lbs/ac) in May for the 
fenced plot and 9.5 g/m2 (S5 1bs/ac) in May for the open plot . 

Maximum standing crop in the upland sagebrush shrub1and type (Plots 3-0 and 
3-F) was r'eached in May (Tob1es AS.7 . 2-1S to -20). In Plot 3-F the maximum 
standing crop was lS.2 g/m2 (162 1bs/ac) and in Plot 3-0 was 12.2 g/m2 (109 
lbs/ac). Most of the standing crop was attributable to western wheatgrass 
and other perennial grasses. 

Production data for the bottomland sagebrush Plots 4-0 and 4-F (May, June 
and July) are presented in Tables AS . 7. 2-21 to -23. Maximum standihg crop 
for both the open and fenced plots was measured in July . In the fenced plot 
total production was only 4.5 g/m2 (40 lbs/ac) and in the open plot was 
only 4.6 g/m2 (41 1bs/ac) . Cheatgrass, which had been encountered as a 
major species in previous years, was nearly absent from the sample . Cheat
grass is an annual species and under the very dry conditions of the 1977 
growing season, grew hardly at all . 

Production data for pinyon-juniper woodland Plots 5-0 and 5-F are presented 
in Tables AS.7.2-24 to -26. Maximum standing crop in Plot 5-F averaged 
6.2 g/m2 (55 lbs/ac) ond occurred in May. In Plot 5-0 the maximum standing 
crop was only 5.1 g/m2 (45 1bs/ac) also recorded in May. Most of the pro
duction was provided by perennial grasses . Production at the other pinyon
juniper study site (Plots 6-0 and 6-F) was somewhat higher than at Plot 5 
(Tables AS . 7.2-27 to -29). Maximum standing crop averaged 6.4 g/m2 (57 lbs/ac) 
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in Plot 6-F in July and 9.9 g/m2 (SS lbs/ac) in Plot 6-0 in May. As in 
Plot 5, most of production was provided by perennial grass species. 

Intensive Studi Plots - 1975. During 1975. clipping studies were conducted 
only in Plots -F. 2-F. 5-F and 6-F. and sites were clipped only once during 
the growing season (late July). At this date all of the n~terial produced 
during the growing season was clipped. Fresh weight estimates for each of the 
plots are presented in Tables AS.7.2-30 to 33. and the oven dry weights for 
each of the clipped quadrats are presented in Tables AS.7.2-34 and 35. The 
dry weight estimates and corresponding oven dry weights were used to develop 
the regression equations in Table AS.7.2-36. 

Based on data der~ved from the regression equations the production at Plot l-F 
averaged 29 . 5 g/m (263 lbs/ac) (Table AS.7.2-37). The major species were 
Indian ricegrass and other perennial grasses. At Plot 2-F herb production 
averaged 24.4 g/m2 (217 lbs/ac) (Table AB.7.2-37). Major species at this 
site included western wheatgrass, Indian ricegrass and other perennial 
grasses. Cheatgrass was also quite abundant and averaged 4.0 g/m2 (36 1bs/ac). 

Production at pinyon-juniper woodland Plot 5-F was lower than that for the 
chained rangeland sites and averaged only 19.2 g/m2 (171 1bs/ac) (Table 
AS.7.2-3B). Major species included Indian ricegrass and other perennial 2 
9rasses. Plot 6-F was more than twice as productive and averaged 50.3 g/m 
(44S lbs/ac) (Table AS.7.2-3S). This same relationship between plots 5-F 
and 6-F was observed during the baseline period and to a lesser extent during 
the suspension monitoring period. 

Studies Conducted North of Piceance Creek. Oven dry weight data for range 
cages and open areas in the anticipated affected area and control area are 
presented in Tables AS.7.2-39 and ~O, respectively. On the affected area 
site, production averaged 19.7 g/m (175 1bs/ac) in the range cages and 9.B 
g/m2 (S7 lbs/ac) in the open areas. In both instances most of the production 
was attributable to Indian ricegrass and other perennial grasses (Table 
AS.7.2-41). 

In the control area, production averaged 17.8 g/m2 (150 lbs/ac) in the range 
cages and 6.6 g/m2 (59 lbs/ac) in the open areas (Table AS.7.2-42). Indian 
ricegrass and other perennial grasses were the most productive species. The 
pinyon-juniper woodlands on these sites north of Piceance Creek occur on dry, 
south-facing slopes. In terms of slope and aspect, they are quite similar to 
intensive study Plot 5 on the Tract. It is interesting to note that the pro
duction on the control and affected area sites was comparable to that measured 
at Plot 5-F. 

Fertilization Studies. Fertilized areas are shown on Figure 8. 7.2-1. Oven 
dry weights from range cages and open areas in the different fertilizer 
treatment locations are presented in Table 8.7.2-1 . These data were grouped 
in various ways in order to evaluate the effects of fertilization, location 
effects, and grazing effects in the fertilizer plots. 
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Table 8.7.2-1 • Production values (oven dry weights in grams/m2) £ram ranae 
cages and open plots for fertilized and non-fertilized areas 
on the Ridge above Cottonwood Qllch and Scandard Ridge. 1978. 

Fertilized with Ammonium Nitrate 
and Phosphorus 

Agropyron smi thii 

BrOlll.ls tectorulll 
OryzoEsis hymenoides 
Other perennial grasses 
Perennial forbs 
Annual forbs 

Total biomass 

Fertilized with Ammonium Nitrate 

AgroElron smithii 
Bronus tectorum 
OryzoEsis hymenoides 
Other perennial grasses 
Perennial forbs 
Annual forbs 

Total biomass 

Not Fertilized 

Agropyron smithii 

Bronus tectorum 
OryzoEsis hymenoides 
Other perennial grasses 
Perennial forbs 

Annual forbs 
Half shrubs 

Total biomass 

Ridge Above 
Cottonwood Gl1ch 

Fenced Plot 

18.076 

28.119 
26.872 
8.092 

81.159 

10.152 

73.040 

83.192 

11.314 
0.158 

51. 343 
6.284 

0.129 

69.228 
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~ Plot 

15.575 

30.727 
6.874 
5.039 

58.215 

15.163 
6.055 
0.923 

6.691 

28.832 

5.466 

0.670 

0.840 
5.299 
0.154 
0.128 

12.557 

Scandard Ridge 
Fenced Plot Open Plot 

45.251 46.747 
9.189 33.980 
0.206 1.179 
0.005 4.639 
0.157 0.088 

54.808 86.633 

0.205 

0.236 
25.243 27.770 
0.801 1.480 

0.675 

26.485 29.925 

7.854 
0.092 0.707 

17.839 28.442 
4.028 

0.256 

29.813 29.405 



There was no significant difference between the production in the fertilized 
and non-fertilized areas (tested with an F-test at a • 0.10). The mean 
production on the fertilized area was greater (56.2 g/m2) compared with 
non-fertilized (35.2 g/m2), however the difference was not significant . 
Also, the

2
differences in the type of fertilizer used were not signifi ,;ant 

(42.1 glm with ammonium nitrate alone and 70.2 g/m2 with ammonium nitrate 
plus phosphorus). There was no significant difference between the plots on 
Scandard Ridge and those on the ridge above Cottonwood Gulch. Considering 
all the range cages used in the fertilization study there were no significant 
differences between the range cage and the open quadrats, suggesting limited 
utilization of the two sites as whole. However, the difference between the 
open quadrats and range cages on the ridge above Cottonwood Gulch was 
significant . 

At this time the results from the fertilization studies are inconclusive . 
Apparently the fertilization is causing an increase in production, but 
because of the variability of the data and the limited sample sizes these 
differences are statistically not significant . 

Evaluation of Production Differences. 

Differences Among Vegetation Types. Because of the increased sample 
size associated with the change in methods used for estimated production, 
it has been possible to more clearly evaluate differences among the four 
major types (Table 8.7.2-2). In 1977 the chained rangelands were signi
ficantly more productive than both the pinyon-juniper woodlands and bottom
land sagebrush shrublands. The upland sagebrush shrublands were significantly 
more productive than , oy of the other vegetation types. The pinyon-juniper 
woodlands were significantly more productive than the bottomland sagebrush 
shrublands. In 1978 the chained rangelands and upland sagebrush shrublands 
were significantly more productive than the pinyon-juniper woodlands and 
bottomland sagebrush shrublands. The differences between the pinyon-juniper 
woodlands and bottomland sagebrush shrublands, and between the chained range
lands and upland sagebrush shrublands were not significant in 1978. The 
pattern of di fferences observed in both 1977 and 1978 is consistent with the 
data obtained during the baseline period. In terms of the herbaceous pro
duction the upland sagebrush shrublands tend to be the most productive, 
followed by the chained rangelands, pinyon- juniper woodlands and bottomland 
sagebrush shrublands . 

Differences Related to Development Effects. In 1977 there were no si9ni
ficant differences between Plots l-F and 2-F or 5-F and 6-F (Table ~ . 7.2-3). 
Production was very low at all of the intensive study sites. In the pinyon
juniper woodland plots, the production was greater at Plot 6-F than at Plot 
5, but the difference was not Significant . Throughout the baseline period 
Plot 6 was more productive than Plot 5. This trend was also apparent in 
1978 when the difference between Plots 5 and 6 was significant. It is 
highly doubtful that this difference is related to any development activities. 
It is most likely related to inherent site differences between Plots 5 and 6. 
Plot 5 occurs on dry east-facing slope and Plot 6 occurs on a ridgetop 
where soil and moisture conditions are apparently more favorable . 
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Table 8.7 . 2-2 One-way analysis of variance results for comparisons of 
production among vegetation types, 1977 and 1978. Underlined 
plots are those with the significantly greater production. 

Calculated 
F 

DIFFERENCES AIDNG VEGETATION TYPES-1977 

Chained Rangeland vs. Pinlon-JuniEer 
I-F July vs. 5-F May 20.774 
1-F July vs. 6-F July 18.497 
2-F Mal VS. 5-F May 22.619 
2-F May vs. 6-F July 20.776 

Upland Sagebrush vs. Pinlon JuniEer 
3-F May vs. 5-F May 223.214 
3-F May vs. 6-F July 203.364 

Bottomland Sagebrush vs. Pinlon-JuniEer 
4-F July vs. 5-F May 4.044 
4-F July vs. 6-F July 4.729 

Upland Sagebrush vs. Chained Rangeland 

3-F May vs. l-F July 40 .586 
3-F May vs. 2-F May 17.279 

Bottomland Sagebrush vs. Chained Rangeland 

4-F July vs. 1-F July 31.709 
4-F July vs. 2-F May 32. 487 

Upland Sagebrush vs. Bottomland Sagebrush 

3-F May vs. 4-F July 212.209 

DIFFERF~CES AMONG VEGETATION TYPES-1978 
(Based on Range Cages) 
Pinyon-Juniper vs. Chained Rante1and 7.464 
Pinyon-Juniper vs. upland sa~e rush 12. 914 
Pinyon-Juniper vs. Bottomlan Sagebrush 1.622 

0.067 Chained Rangeland vs. Upland Sagebrush 
Chained Rante1and vs . Bottomland Sagebrush 4. 598 
upland Sage rushvs. Bottomland Sagebrush 8.154 

* NS = Not significant 
srG = Significant 
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Critical 
Region Signif-

"1 "2 a - 0.10 icance* 
F> 

1 98 2.764 SIG 
1 98 2.764 SrG 
1 98 2. 764 SrG 
1 98 2.764 srG 

1 98 2.764 SIG 
1 98 2.764 SIG 

1 98 2.764 SIG 
1 98 2.764 SIG 

1 98 2.764 SIG 
1 98 2.764 SIG 

1 98 2.764 SrG 
1 98 2.764 SrG 

1 98 2.764 SrG 

1 16 3.0r: SrG 
1 17 3.03 SIG 
1 17 3.03 NS 
1 17 3.03 NS 
1 17 3.03 SIG 
1 18 3.01 SrG 



Table 8.7.2-3 

One-way analysis results for comparisons evaluating development effects 
at Plots 1.2.5. and 6 and potential pollution effects north of Piceance Creek. Underlined plots are those with the significantly greater production. 

calculated 
F VI 

DEVELOPMENT EFFECTS - 1977 

l-F July vs. 2-F May 0.883 1 5-F May vs. 6-F July 0.066 1 
DEVELOPMENT EFFECTS - 1978 

l-F VS. 2-F 2.725 1 5-F vs. 6-F 59.302 1 
POTENTIAL POLLUTION EFFECTS - 1978 

Pinyon-Juniper north of Piceance 
Creek. Treatment vs. Control 
Fenced 0.124 1 Pinyon-Juniper north of Piceance 
Creek. Treatment vs. Control 
Open 1.652 

* NS • Not Significant 
SIG • Significant 

VI is the degree of freedom for numerator 
V2 is the degree of freedom for denominator 
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Critical 
Region 

V2 CI • 0.10 
F> 

98 2.764 
98 2.764 

98 2.764 
98 2.764 

18 3.01 

18 3.01 

Si9nif1-
cance* 

NS 
NS 

NS 
SIG 

NS 

NS 



There was no significant difference between the affected area site and 
control site in the potential pol luti on study area north of Piceance 
Creek (Table 8. 7.2-3) This is t o be expected inasmuch as no emissions 
yet exist Tests were conducted on both the data f rom the range cages 
and data f rom the open areas . Ne ither were signi fi nt1y different . 
It is fortunate that the co ntro l and affec ted area si tes are so similar . 
Future comparisons will be more easy t o conduct tha n i f the sites were 
dras t ical ly di f ferent. 

Differences AmenT Yea rs . In the pinyon-j uni per woodlands 1975 and 1976 
were both significant y more produ ct i ve than 1977 (Table 8. 7.2-4 ), and 1978 
was slgni f icant1y more producti ve t han 1975, 1976, and 1977 in all cases 
except for Plot 5 where the di fference between 1975 and 1978 was not 
significant . The most dramatic di f ferences occurred between the years 
1977 and 1978 1977 was a very dry year and 1978 was one of the most moist . 

In the chained rangelands t he differences among years were similar to those 
observed for the pinyon-juni per woodlands . 1975 and 1976 were significantly 
more productive than 1977 , and 1978 was s ignifi can tl y more productive than 
1976 and 1977, except at Plot 1 where the difference between 1976 and 1978 
was not signifi cant . Diffe rences between 1975 and 1978 were not consistent . 
In some Plots, 1975 was Significantly more productive and other cases 1978 
was more productive. 

In the upland sagebrush s h rubland~ t he same pattern was observed . 1975 and 
1976 were Significantly mo re productive t han 1977, and 1978 was si~nificant1y 
more productive than 1976 and 1977. The di f ference be tween 1975 and 1978 
was not significant. 

For the bottomland sagebrush shrub1ands the yearly differences were the same 
as those observed in the upla nd sagebrush shrub1a nds {Table 8. 7.2-4}. 

The significant dif erences between years emphasi ze the importance of yea r ly 
changes 1n precipitation, and pOint to the responsiveness of the vegetation. 
The species are adapted to withstand dry yea rs and grow only to a limited 
extent In moist years these same species have t he abi l i ty to produce more 
than fi e times the amoun produced during a dry year. 

Evaluation of Utilization . During the baseline period utilization was 
observed to be occurring early in the growing season and then again late in 
the s~ason For the middle part of the sUlTlTler the livestock were grazing at 
e1evdtions higher han the Tract . A similar pat te rn was observed during 1977 
(Table 8. 7. 2-5) . In May the differences between open and fenced plots were 
e'ther not significant or the fenced plots were greater, except for Plot 6. 
In June half of he fenced plots were more productive and half were ei ther 
more productive in the open plots or were not signi fica nt ly different. By 
July the only significant difference was meas red at Pl ot 1 where the fenced 
plot was more produc ive, suggesting t hat by the time of clipping in late 
July the open areas and fenced areas had mostly equal ized in t erms of herbaceous 
produc ion . 
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Table 8.7.2-4 . One-way analysis of variance results for comparisons of 
production among years 1975-1978. Underlined years in each 
pair is the year with the significantly greater production. 

Cntical 
Calculated Region Signif-

F VI v2 a = 0.10 icance* 
F> 

DIFFERENCES ~G YEARS 

Pinron-JWliE!:r Woodland 
1975 Plot 5 Cari>ined Data vs. 

1977 Plot 5 May 53.214 1 68 2.785 SIG 
1976 Plot 5 Combined Data vs. 

1977 Plot 5 May 7.121 1 77 2.777 SIG 
1977 Plot 5 May vs. 1978 Plot 5 29.365 1 98 2.764 SIG 
1975 Plot 6 Combined Data vs . 

1977 Plot 6 July 31. 082 1 68 2.785 SIG 
1976 Plot 6 Combined Data vs. 

1977 Plot 6 July 28.721 1 77 2.77 7 SIG 
1977 Plot 6 July Dato vs. 

1978 Plot 6 Data 171. 716 1 98 2. 764 SIG 
1975 Plot 5 Combined Data vs. 

1978 Plot 5 1.153 1 68 2.785 NS 
1976 Plot 5 Combined Data vs. 

1978 Plot 5 6.353 1 77 2. 777 SIG 
1975 Plot 6 Combir , ~d Data vs. 

1978 Plot 6 5.016 1 68 2. 785 SIG 
1976 Plot 6 Combined Data vs. 

1978 Plot 6 26.604 1 77 2. 777 SIG 

Chained Rangeland 
1975 Plot 1 Combined Data vs. 

1977 Plot 1 July 82.676 1 67 2. 765 SIG 
1976 Plot 1 Combined Data vs. 

1977 Plot 1 July 10.635 1 77 2.777 SIG 
1977 Plot 1 July Data vs. 

1978 Plot 1 46.198 1 98 2.764 SIG 
1975 Plot 2 Combined Data vs. 

1977 Plot 2 May 13.951 1 68 2.785 SIG 
1976 Plot 2 Combined Data vs. 

1977 Plot 2 May 6. 786 1 77 2.777 SIG 
1977 Plot 2 May Data vs. 

1978 Plot 2 Data 32.280 1 98 2.764 SIG 
1975 Plot 1 Combined Data vs. 
-- 1978 Plot 1 12.088 1 67 2.785 SIG 
1976 Plot 1 Combined Data vs. 

1978 Plot 1 1.659 1 77 2.777 NS 
1975 Plot 2 Combined Data vs. 

1978 Plot 2 7.397 1 68 2.785 SIG 
1976 Plot 2 Combined Data vs. 

1978 Plot 2 0.001 1 77 2.77 7 NS 

1(f; 
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Table 8.7.2-4 . (Continued) 

Calculated 
F 

Upland Sagebrush 

1975 Plot 3 Combined Data vs. 
1977 Plot 3 May 101.372 

1976 Plot 3 Combined Data vs. 
1977 Plot 3 f.1ay 8.662 

1977 Plot 3 May Data vs . 
1978 Range Cages 106.954 

1975 Prot 3 Combined Data vs. 
1978 Range Cages 0.161 

1976 P1o~ 3 Combined Data vs. 
1978 Range Cages 27.369 

Bottanland Sagebrush 

1975 Combined Data Plot 4 vs. 
1977 Plot 4 July 35.350 

1976 Combined Data Plot 4 vs. 
1977 Plot 4 July 17.940 

1977 Plot 4 July vs. 
1978 Range Cages 85.918 

1975 Plot 4 Combined Data vs. 
1978 Range Cages 0.254 

1976 Plot 4 Combined Data vs. 
1978 Range Cages 7.332 

• NS = Not Signi ficant 
SIG = Significant 

= degrees of ~': reedom for numerator Y 1 
y . = degrees of freedom for denominator 

2 
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Critical 
Region Signif-

VI v2 a • 0.10 icance* 
F> 

1 68 2.785 SIG 

1 77 2.777 SIG 

1 58 2.795 SIG 

1 28 2.890 NS 

1 37 2.852 SIG 

1 G8 2.785 SIG 

1 77 2.777 SIG 

1 58 2.795 SIG 

1 28 2.890 NS 

1 37 2.852 SIG 



Table 8.7.2-5 . One-way analysis of variance results for carparison of 
production in open and fenced plots, 1977 and 1978. 
Underlined plots are those with the significantly greater 
production. 

Calculated 
F VI V2 

DIFFERENCES IN lTfILIZATION 

May 1977 
1-0 vs. 1-F 
2-0 vs. 2-F 
3-0 vs. n 
4-0 vs. 4-F 
5-0 vs. 5-F 
6-0 vs. 6-F 

June 1977 

1-0 'Is. 1-F 
2-0 vs. H 
3-0 vs. 3-F 
4-0 vs. H 
5-0 vs. 5-F 
6-0 vs. n 

July 1977 

1-0 vs. 1-F 
2-0 vs. H 
3-0 vs. 3-F 
4-0 vs. 4-F 
5-0 vs. 5-F 
6-0 vs. 6-F 

1978 - Based on Range Cage Data 
Pinyon-Juniper Fenced vs. 

0.669 
4.024 

69.473 
0.470 
1.018 

22.204 

3.657 
5.326 
5.851 
0.210 

10.671 
15.438 

3.555 
0.237 
0.503 
0.012 
0.016 
1. 763 

Pinyon-Juniper Open 2.591 
Chained Rangeland Fenced vs. 

Chained Rangeland Open 0.414 
Upland Sagebrush Fenced vs. 

Upland Sagebrush Open 2.413 
Bottomland Sagebrush Fenced vs. 

Bottomland Sagebrush Open 5.203 
Pinyon-Juniper north of Piceance 

Creek, Treatment Site 
Open vs. Fenced 3.415 

Pinyon-Juniper north of Piceance 
Creek, Control Site 
Open vs. Fenced 14.710 

* NS = Not Significant, SIC = Significant 

1 98 
1 98 
1 98 
1 98 
1 98 
1 98 

1 98 
1 98 
1 98 
1 98 
1 98 
1 98 

1 98 
1 98 
1 98 
1 98 
1 98 
1 98 

1 16 

1 16 

1 18 

1 18 

1 18 

1 18 

Critlcal 
Region Signif

a • 0.10 icance* 
F> 

2.764 
2.764 
2.764 
2.764 
2.764 
2.764 

2.764 
2.764 
2.764 
2.764 
2.764 
2.764 

2.764 
2.764 
2. 764 
2.764 
2.764 
2.764 

3.05 

3.05 

3.01 

3.01 

3.01 

3.01 

NS 
SIG 
SIG 
NS 
NS 
SIG 

SIG 
SIG 
SIG 
NS 
SIG 
SIG 

SIG 
NS 
NS 
NS 
NS 
NS 

NS 

NS 

NS 

SIG 

SIG 

SIG 

Y, a de:l rees of freedom for numerator; )' 2 = degrees of fre.::Ju II I fur dcno r,l inator 
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In 1978 the only significant differences noted between range cage data and 
data from open areas were in the Dottomland sagebrush shrubland type and in 
the control and affected area sites north of Piceance Creek . Differences in 
the pinyon-juniper woodlands on the Tract were not significant. 

8.7.2.6 Conclusions 

Several conclusions can be reached from the pre
liminary monitoring data. 

1. The production patterns within vegetation types observed during 
monitoring period are the same as those observed during the baseline 
period. 

2. Utilization continues to be seasonal and by mid-growing season is 
nearly non-detectable because of livestock use patterns . 

3. Observed differences between intensive study Plots 1-F and 2-F, 
and S-F and 6-F appear to be more related to site differences than 
to any development related activities. 

4. Herbaceous production is closely related to precipitation. Signi
ficant differences between years are related to differences and 
fluctuating patterns of precipitation in this semi-arid region . 

5. Fertilization of upland chained areas appears to result in an 
increase in herbaceous production. Because of a limited sample 
size and high data variability the differences between fertilized 
areas and control areas were not significant. 

8.7.3 Shrub Production and Utilization 

8.7.3.1 Scope and Rationale 

Shrub production and utilization is measured each 
year to determine growth and utilization. 

8.7 .3. 2 Objective 

The main objectives for measuring shrub production 
and utilization were to correlate browse available and consumed by herbivores. 
over time and between stations. 

8.7.3.3 Experimental Design 

Production and utilization of bitterbrush were 
estimated along twelve transects on Tract during 1977-78 period. These 
transects were the same as those used for deer pellet-group studies and, 
consequently, transect nota t ions were the same for both studies. Browse 
studies were also conducted on Big Jimmy ridge west of the tract, and 
although the same transects were again used for both pellet count and 
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browse studies, browse evaluation methods differ on Big Jimmy ridge. On 
tract, the lengths of new shoots in fall and spring were measured to provide 
production and utilization estimates. On Big Jimmy ridge, utilization was 
found to be so severe that current shoot growth and the consumption of this 
growth by deer could not be evaluated by shoot measurements. In many instances, 
shrubs were browsed back into the growth of the previous year . The information 
obtained for Big Jimmy ridge, therefore, concerns shrub density, reproduction, 
and vigor evaluations rather than production and utilization. Also, on Big 
Ji~ mountain mahogany as well as bitterbrush was sam~led. Utilization of 
sagebrush was measured on all 27 deer pellet-group transects. Ocular estimates 
were made using par.e transects and recording age and degree of hedging for 
each plant. An angle gauge was used to estimate sagebrush density on each 
transect. 

8.7.3.4 Method of Analysis 

Analysis performed included 1) correlation with past 
deer data, and 2) professional judgment . 

8.7.3.5 Results and Discussions 

Production and utilization estimates of bitt.erbrush 
and mountain mahogany for this past year differed markedly from 1976-77 
estimates in that production was lower and utilization was much higher. 
Yearly patterns ~f mule deer habitat use as revealed by these data are not 
as similar as patter~s revealed by pellet-group data. The 1977 production 
estimates for the tWt~lve transects on tract (Tables A8 . 7. 3-1 to -4) vary 
considerably from one location to another. The percent utilization estimates, 
in contrast, are comparatively uniform. For most transects, utilization was 
near the 90 percent 1~ve1. This represents severe utilization, which appears 
to have been due mainly tu a large deer herd and to low shrub production the 
previous year. 

Trends in shrub production and utilization are shown on Figure 8.7.3-1. 
The low productivity and the high utilization which occurred during the 
1977-78 period are clearly evident. A correlation coefficient was calculated 
to determine the intensity of association between the utilization estimates 
for the 1976-77 and 1977-78 periods. A low correlation was found to exist 
between the values obtained fer the two years at the same transect locations 
(r=0.4; which is significant at the 80 percent level) . 

Only production data are available for the 1977-78 period (Table A8 . 7. 3-5) 
since spring estimates of utilization have not yet been obtained. Bitter
brush and mountain mahogany evaluations for Big Jimmy ridge (Tables AB . 7. 3-6 
and -7) represent the f irst year of browse data for this locality. As previously 
described, production and utilization estimates were not made because of severe 
utilization coupled with meager shrub production. A visual examination of 
production this past spring, however, indicates that shoot measurements will 
probably be feasible next year. 
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The 1978 sagebrush ocular estimate data are presented in Table A8.7.3-8. 
This is the first year ocular estimates were used. therefore. several 
years data are needed before any statistical analysis can be performed. 
Information will be compared to other sources. Division of Wildlife and 
Bureau of Land Management. when it becomes available. Data from transects 
located in chained pinyon-juniper show more mature plants, less heavy use, 
and greater density than the sagebrush in the pinyon-juniper. This is not 
surprising since one would expect heavier use on individual browse plants in 
areas with a low browse density than in areas with a high browse density. 

Several different applications of fertilizer were applied during the spring 
of 1978 on six browse transects. Four new transects and two of the original 
monitoring transects were used for these experiments. Preliminary results 
(Table A8.7.3-9) were compared with production estimates elsewhere in chained 
rangeland habitat (Tables A8.7.3-1 and A8.7.1-3), indicate little if any 
enhancement in production after the first five months. Six pairs of control 
and experiment transects were evaluated. Five of these showed higher pro
duction values for the control transects. The one pair of transects with 
higher production in the experimental location (BA31 and BA21) was subjected 
to a onetai1ed t-test. The difference between these two transects was found 
to be significant (P<O.05). 

8.7.4 General Vegetation Condition Studies 

This study begins in 1979 and will be reported tn the next 
Annual Report, April 1980. 

8.7.5 MicrO-Climatic Studies 

8.7.5.1 Scope and Rationale 

Studies on micro-climatic parameters on the C-b 
Tract provide data that are useful in assessing changes in vegetation pro
duction and structure, animal populations. or animal activity patterns, and 
may also be correlated with changes in functional components of the C-b eco
system that may occur as a result of shale oil development. 

8.7.5.2 Objectives 

In order to define changes in plant growth and 
wildlife populations the micro-climatic parameters which affect plant growth 
and wildlife populations are studied. 

8.7.5.3 Experimental Design 

Five micro-climatic stations are located in 
development sites and five in control sites. The locations of these ten 
sites (see Sta BC01-09, 13 on the jacket map) are the same as baseline 
locations. Therefore, data from Mar~h 1975 through the present can be 
compared. Each station is monitored twice monthly for the following 
parameters: 
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Me Station Locations Parameter~ 

BCOl 
BC02 
BC03 
BC04 
BCOS 
BC06 
BC07 

BC08 
BC09 
BCOll 

Chained Pinyon-juniper Rangeland, YegG Plot 1 
Chained Pinyon-juniper Ran :~land, YegG Plot 2 
Plateau Sagebrush, YegG Plot 3 
Valley Bottom Sagebrush, YegG Plot 4 
Pinyon-juni~er ~oodland, YegG Plot 5 
Pinyon-juniper Woodland. YegG Plot 6 
Chained Pinyon-juniper Rangeland 
(Animal Trapping Transect) 
Bunchgrass Community, South-facing Slope 
Valley Bottom Sagebrush. Mouth of Sorghum Gulch 
Mixed Mountain Shrubland, North-facing Slope 

Atr Temp . : 1 m 
5011 Temp.: Surface 
Precipitation 
Snow Depth and 
Moisture Content 

All temperature readings consist of maximum and minimum 
readings for two-week periods . PreCipitation is measured 
only during the growing season. March through October. 
Therefore, precipitation data from meteorology stations 
020 and 023 are utilized for winter-month readings 
(November - February) for valley and pinyon-juniper 
microclimate stations. Snow measurements are obtained 
approximately from November - February. 

8.7.5.4 Methods of Analysis 

Methods of analysis include times series ?lots of 
precipitation and snow depth (Figures B8. 7.5-1 thru -10l, max. and min. 
temperature (Figures B8 .7.5-11 thru -20). and correlations with plant 
and wildlife data. The reader should also consult Climatological Records. 
Section 6.3.1, for additional tables. time series plots, and histograms. 

8.7. 5.5 Results and Conclusions 

Precipitation was notably higher in 1978 than previous 
years (See Table A6.3 . 1-6a thru -6d). Precipitation w~s slightly higher than 
other sites at Pinyon-juniper Woodland and Upland Sagebrush sites. Herbaceous 
productivity was also Significantly higher in 1978 than previous )ears. Also, 
the two sites which received slightly more precipitation were also the most 
productive. 

Precipitation distribution was also more favorable during 1978 than 1977. 
(See Fig . 6.3.1-3, Table j.3.1-~ and Tables A6.3.1-6a thru -6d). January, 
February, March, and April are important for herbaceous productivity and in 
1978 they were much more favorable than 1977. May and June are the most 
active growthper;ods; consequently in 1978 the precipitation was heavy and 
the herbaceous productivity was also high. In 1977, the only heavy storm 
was in July when vegetative growth was nfl due to the dry conditions. 

Temperature dropped to near 00 C over the growing season, but did not seem to 
be a limiting factor as it was in 1976 when a killing frost in the middle of 
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June decreased total yearly vegetative productivity. 

8.8 Threatened and Endangered Species 

The bald eagle was observed several times in the tract vicinity. 
The raptors were not seen in any present or future development areas, 
or on Tract C-b. The eagles did not nest nor remain in the areai they 
were just flying through. Since the area is unsuitable bald eagle habitat 
and the eagles were just passing through, no further action will be taken 
except for continued monitoring for bald eagles. 

No threatened or endangered plants were found on or near Tract C-b. A 
penmanent herbarium has been established on tract and new plants will be 
continually added to it as they are found. 

In conjunction with the numerous biological studies that will be conducted 
on and near Tract C-b during all parts of the year, observations confirmed 
by staff field biologists of any threatened or endangered species will be 
reported to the AOSO. Appropriate studies to determine signific~nce of 
a Sighting will then be initiated as ~et9rmined jOintly by C-b personnel 
and AOSO. 

8.9 Revegetation 

Revegetation monitoring will be conducted on sites which have 
undergone surface disturbance and on raw shale disposal sites. Revegetation 
monitoring will be conducted on areas larger than one acre which are seeded 
with the penmanent seed mixture. This monitoring has been completed on sites 
which meet this criteria and will begin when permanent revegetation projects 
are completed. 

8.9.1 Demonstration Plot 

Because of delays in the development schedule the demonstra
tion plot for 1979 will be built in 1980 with shaft oil shale. 
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9.0 ITEMS OF AESTHETIC, HISTORIC, OR SCIENTIFIC INTEREST 

9.1 Aesthetic Values 

The C-b Annual Summary & Trends Report (Nov. '74 through Oct. '75) 
described a study which determined the type and quality of scenic resources 
in the Tract area. It was concluded that the Piceance Creek Basin has a low 
scenic value when compared to the other landscape types of the region. Or 
restated, on a regiona1 basis the Piceance Creek Basin has an extremely low 
visual character. Nonetheless, actions occurring in the past year include: 
a) cut-and-fi11 slopes were laid back and seeded according to the approved 
monitoring plan; b) buildings have been painted to B.L.M. standards; c) on
site power-line poles are green in color; and d) the main access road was laid 
out in such a way as to reduce aesthetic impact. 

9.2 Historic and Scientific Values 

A detailed baseline study of the cultural resources of Tract C-b has 
been conducted to identify sites of past human activity. (See Volume 1 of the 
Final Re ort of the Environmental Baseline Pro ram.) It was concluded that 
tree stor c sltes 0 eXlst on t e ract, 6, 5RB146, and 5RB147) and 
will be investigated further prior to any development which would disturb them. 
During the past year, an archaeological team investigated the route for a planne= 
138 kv powerl;ne from Meeker to C-b Tract. See Figure 9.2-1 for the planned 
route. No historic sites or remains were located. However, one prehistoric 
site and five isolated finds were located on or near the powerline right-of-way. 
Mitigation will be accomplished by avoiding these sites through minor rerouting 
of the right-of-way. 
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10.0 INDUSTRIAL HEALTH AND SAFETY 

10.1 Scope and Rationale 

Peri odi c reports on Health and Safety Act1 .. ·~ ti es have been 
;--eques ted by the Area Oil Shale Supervi sor. Such repoy'ts are those pre
pared by the C-b Project and all contractors for distri~ution to outside 
Federal and State agencies, i .e., Mine Safety and Health Administration 
(MSHA) and the Colorado Division of Mines and inspection reports made by 
these agencies and received by the Project and all contractors at the C-b 
s'ite. 

These reports relate to accident frequency analyses, inspection reports 
and responses, health and safety training, and variance reporting . As 
received, they are included in the semi-annual data reports. 

The C-b project is regulated under the new code of Federal Regulations, Title _ 
30. Part 57, Mine, Safety. Health Administration. We are also governed by the 
Colorado State Division of Mines laws. 

All Contractors on the C-b Site are monitored by the Occidental Safety 
Department through Ralph M. Parsons Co •• our Managing Contractor. 

10.2 Accident Frequency Analysis 

follows: 
We have three mine 1.0. Numbers on the C-b Site. They are as 

1. Occidental Oil Shale 
2. Ralph M. Parsons 
3. Gilbert Corp . of Delaware 

05-03140 
05-03148 
05-03149 

Each I . D. Number is responsible for their own Accident/Incident frequency 
and severity rate . 

Using the MSHA formulas. 

I.R.: Injury Rate: Number of Accidents X 200,000 
Hours of Employee Exposure 

S.M.- Severity Measure: Days Lost Time X 200,000 
Hours of Employee Exposure 

the breakdown of accident and severity rate by I. D. Number is as follows: 

1. 0. # 05-03140 - One lost time accident in 48.988 manhours, resulting in 5 lost 
time days. This accident resulted in an I.R. a 4.08, for which S.M .• 20.41. 

1.0. #05-03148 - This 1.0. carries all contractors other than Occidental and 
Gilbert Corp . They accounted for 2 lost time accidents in 276.166 manhours 
for an I . R. of 1.44. The 2 accidents resulted in 2 lost time days, thus 
S.M. : 1. 44. 
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1.0. , 05-03149 - Gilbert Corp. has had no lost time accidents in 117.064 
manhours. 

The three 1.0. Numbers logged 442,218 manhours in 1978 with 3 lost time 
accidents totaling 7 lost time days for a site I.R. of 1.35 and S.M. of 
3. 16 . Compared to the 1978 national average for underground mines 
a.R. - 16.32, S.M. • 23) we have an excellent safety record and plan 
to improve it in the coming year. 

10. 3 Inspection Reports & Responses 

We have had only 1 MSHA inspection in the past year . It resulted 
in two minor citations. Colorado Division of Mines inspected the property 
eight times during 1978. They wrote 18 citations; all citations were abated 
on the same day they were written . 
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11 .0 SUBSIDENCE MONITORING 

The overall objective of the sub~idence monitoring program is to deter
mine the effects of underground excavations on the ground surface and on 
in-situ mining levels. 

The surface and underground subsidence caused by mini ng activfties cannot 
start until significant underground development out from the shaft pillar 
areas Occurs. 

The inventory of physical features of the site is being carried out under the 
aerial photography program described in Section 3.3 of this report . 
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12.0 ECOSYSTEM INTERRELATIONSHIPS 

12.1 Introduction 

Indicator variables for Development Monitoring are given in the 
Development Monitoring Plan. Also listed are perturbations that affect the 
magnitude of these I/ariables and the envirorwnenta1 consequences (or impacts) 
of these perturbations. Examples of perturbations include mining, retorting, 
shale disposal, waste disposal, etc. Environmental consequences may affect 
other indicator variables; such relations of indicator variables with other 
indicator variables are to be analyzed and are r :; l1ed ecosystem interrelation
ships. 

Ecosystem interrelationships are not mo', ;tored or measured directly. They 
are inferred from three principal techniques: 1) expert jud~nent resulting 
from baseline observations of two or more variables, 2) correlative statistics, 
and 3) predictive ecosystem modeling. Aspects of all three have b~en gleaned 
from the baseline studies and reported in Volume 5, Sistem Interrelationships, 
Environmental Baseline Pro ram Final Re ort and its ppendix F, User's 
Re erence Dlagrams • n part cu ar, ase1ine judgment has been utilized 
to obtai n the comprehensive "effects matrix" (Figure A12. 1-1). 

Wi th regard to the comprehensive "effects Matrix." so-called effect generators 
(driving variables, perturbations, state variables) are listed across the top 
(matrix columns) and effect receptors (abiotic and biotic components and 
processes) are 1iste at the side as matrix rows. Entries in the matrix are 
the following interrelationships: direct effects, indirect effects, both 
direct and indirect, and effects of particular concern. Forty-five (45) 
updated effects of particular concern have been transposed to Table 12.1-1 of 
this report. 

The matrix will be periodically updated to include additional re1ationsh'ips 
needed to assess impacts of development. 

The interrelationships of Table 12.1-1 and others defined as new monitoring 
results will be analyzed in the future and subjected to correlative statisti
<.a 'i techniques as a .n~ans of defining those interrelationships of major concern. 
Subsequent monitorin9 can then concentrate on these. 

12.2 "Candidate" Interrelationships 

The above considerations provided insights into specific inter
relationship "candidates" for early study . The screening consisted of three 
phases: (1) qualitative, (2) initial quantitative, and (3) refined quanti
tative. 

The qualitative phase consisted in identifying the dependent variab1e(s) and 
all major independent variables, both natural and man-induced perturbations. 
Too many gaps in the data precluded quantitative analysis at this time. 
However. a purpose was still served in that it pointed the way for future 
increused sampling rigor and uniformity. Then, provided the data were deemed 
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complete enough, quantitative analyses were attempted. Refined quantitative 
analyses will be undertaken in future years. 

At this writing three candidates have "survived" the qualitative screen and 
initial quantitative analysis attempted. These are: 

(1) Effects of climatic variations on herbaceous productivity. 
When the "land treatment" system is initiated its effects will be included. 

(2) Effects of tl~affic on Piceance Creek road, snow depth, and deer 
population on deer road kill. 

(3) Effects of "urbanization" (from unrevegetated or surfaced areas) 
on watershed hydrologic response time. 

Other interrelationships subjected to qualitative study included: 

(4) ~ffects of herbivore density on shrub utilization. 

(5) Hunting and trapping pressure on coyote and rabbit interrelationship. 

(6) Deer mortality vs. shrub production and utilization. 

Increased sampling rigor and/or uniformity will be sought to enhance the 
possibility of quantitative results in the future. 

These six "near-term" interrelationships are discussed in the following 
paragraphs: 

12.3 Specific Near-term Interrelationships 

12.3.1 Effects of Climatic Variations on Herbaceous Productivity 

12. 3. 1.1 Qualitative Judgements 

It is expected that herbaceous productivity 
increases with increasing precipitation and increased length of the growing 
season. Specific precipitation measures suggested are: 

(1) total annual precipitation of the current 
year. 

(2) total annual precipitation of the 
previous year, especially late season precipitation 

(3) precipitation temporal distribution over 
(a) Mar - Apr - Mayor 
(b) Apr - May - June or 
(c) May - June - July or 
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(4) abnormal rates of precipitation 

Growing season candidate variables include: 

(1) length of the growing season 

(2) total degree - days during the growing 
season 

(3) degree - day temporal distribution over 

(a) Apr - May - .June 
(b) May - June - July 
(c) June - July - Aug 
(d) July - Aug - Sept 

12.3.1.2 Quantitative Analysis 

It is instructive to point out that it is next 
to impossible to obtain a highly accurate total of annual precipitation in a 
har5h, remote area at anyone site. Therefore, monthly average values in 
the Tract vicinity wer! obtained and summed over 12 months to obtain average 
annual totals in the Tract ·o'icinity. Table 6.3.1-3 of Chapter 6 presents 
average annual total precipitation, with and without the microclimate stations 
(i.e. stations under canopies). Also presented on the same table are three
month "sliding" precipitation distribution and peak precipitation events. 
Figure 6 .3.1-3 of Chapter 6 presents monthly precipitation histograms in com
bination with related growing season spans. Table A6.3.l-3 presents total 
degree-days, three month sliding degree-days and growing season dates and spans. 

The following herbaceous productivity sites were selected for analysis: 

BJ02 - Chained Pinyon Juniper (Control) 
BJ05 - Pinyon Juniper Woodland (Future Development) 

A simple tabular approach wa~', utilized whereby for each of the four years 
productivity was ranked from highest to lowest (l to 4 respectively) as were 
each of the remaining independent variables. Those coming closest to the 
productivity rank order are presented in Table 12.3.1-1. Degree-days did not 
correlate positively and are not shown; as a matter of fact, the year with the 
lowest productivity had the highest degree-days and the highest or second high
est productivity year corresponded to the lowest degree-days. 

Quantities which rank-corr~lated best with productivity and are plotted on 
Figure 12.3.1-1 are: 

1) precipitation during April-May-June 
2) precipitation of the previous year 
3) length of the growing season 

(with one anomaly - when it rained too late to be of use) 

Statistical correlation and regression will be attempted at a future date. 
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TABLE 12.3.1-1 "RANKING" OF INDEPENDENT VARIABLES WITH PRODUCTIVITY 

(1)~(4) = Rank from Top to Bottom 

Productivity April-May Total Ppt. 
Site Year (kg/ha) -June of Previous Growing 

Ppt Year Season 
(em) (em) (Days) 

Chained 1975 514 (2) 7.53 (2) 118 (3) 
Pinyon Juniper 1976 189 (3) 5.91 (3) 24.86 (2) 111 (4) (BJ02) 
(Control) 1977 116 (4) 2.52 (4) 21.46 (3) 144 (1) 

1978 623 (1) 8.72 (1) 30.35 (1) 124 (2) 

Pinyon Juniper 1975 233 (1) 
(X)-" Woodland 1976 134 (3) as as as <DO:> (BJ05) co l11 

(Future Deve1op- 1977 62 (4) above above above 
ment - Present 1978 210 (2) Control) 



FIG . 12.3. 1-1 HERBACEOUS PRODUCTIVITY vs GROWING 
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12.3.2 Effects of Traffic, Snow Depth and Deer Road Count on 
Deer Road Kill 

12.3.2.1 Qualitative Judgments 

The dependent variable in this interrelationship 
is the number of deer killed by vehicles. The independent variables include: 
traffic along the Piceance Creek highway, deer population and movements, and 
the climate as characterized by snow depth and precipitation or snowing rates. 
A total of 125 deer were killed along the Piceance Creek highway from September 
1977 to May 1978. Traffic estimates have been difficult to obtain due to the 
inclement weather causing equipment failure (snowplows cutting road-counter 
hoses, etc . ) 

~ Some general observations are: more deer are killed during the fall migration 
and during the spring green-up than during the wi nter months. Fewer deer are 
killed under poor weather conditions, probably because vehicles are moving 
slower and there is less deer movement. Deer are killed over the entire 
length of the Piceance Creek highway. 

12.3.2 . 2 Quantitative Analyses 

12.3.2 . 2.1 Scope and Rationale 

The specific factors which must 
influence deer road-kill include traffic along various segments of Piceance 
Creek Road, snow depth, precipitation, work force, weekly deer count and 
weekly deer road-kill. Interrelationships determined among these will be 
used in the formulation of mitigative measures. Annual monitoring begins 
in mid-September and ends in April or May when deer have migrated to the 
highlands . 

12.3.2.2.2 Objectives 

The objectives of this study are: 

1. To evaluate the interrelation
ships of traffic ioad, mitigative measures, time of year, deer movements, 
and climate on deer road-kill. 

2. Review existing monitoring 
efforts and determine how they may be improved . 

3. Use information gained from 
study and analysis to formulate other possible mitigative measures . 

12.3.2.2 .3 Experimental Design 

Weekly samplings of deer road 
count and road-kill are obtained each year beginning in mid-September and 
continuing through May. Tabulations are for one-mile intervals along the 
41-mile stretch of Piceance Creek Road between Rio Blanco and White River 
City (Highway 64) . 
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Traffic counters are placed across Piceance Creek Road near Rio Blanco and 
at White River City, at the access road entrances to C-b and C-a tracts, and 
across Piceance Creek Road between the access roads. A count of incoming 
vehicles (excluding buses) is kept at the C-b guard gate . 

Precipitation measurements are recorded hourly at sever'a1 stations on and 
near the tract . Snow depth measurements are taken bi-weekly starting on 
December 1. For this study precipitation measurements from station AB20 
and snow depth measurements from stations BC08 and BC09 are used because 
these stations are near Piceance Creek Road . 

Passenger buses run round trips for all work shifts between Rifle and the 
C-b tract and between Meeker and the C-b tract. Daily records are kept of 
the number of passengers and number of buses . 

12 . 3.2.2.4 Method of Analysis 

Data used in this study are 
from records beginning September 21, 1978 and ending March 16, 1979 . 

Scatter plots were used to identify possible correlations between the deer
kill as the response variable and deer road count, traffic, precipitation 
and r- now depth as independent variables . All data were grouped and averaged 
to corre~pond with the weekly deer-k i ll records. These variables were 
further examined for potential interrelationships utilizing computer pro
grams for partial correlations and multiple linear regression . Outputs 
of the programs provide analyses for evaluating statistical significance 
of these interrelationships and some of the outliers in the scatter diagrams. 
Outliers are data observations with extreme values relative to the remaining 
observations. 

12 . 3. 2. 2.5 Results and Discussion 

(a) Correlation Analyses 

Scatter diagrams depicting 
the reiationships between the study variables are shown i n Figures A12.3.2-1, 
A12.3.2-2, A12 .3.2-3, and A12.3.2-4. 

Using the correlation coefficient (r) and converting to t-score by the 
fonnula 

t l = r / ( (1_r2) / (n-2) )~ 

the results summarized in Table 12.3 . 2-1 were noted. 

The correlation coefficients are lower than might be expected. The only 
significant correlation is that between deer road count and road kill. 
Correlations between deer-kill and precipitation and snow depth, although 
not signific~ntly different than zero, are negative indicating a very weak 
inverse rela ' ionship and lend weak support to the qualitative observation 
that road-ki 11 s are fewer with poor weather conditions . 
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Table 12.3.2-1 

SUMMARY OF CORRELATION ANALYSIS 

1. deer kill vs. deer road count r :: 0.4064 

tl :: 2.1331 >t (23. 0.95) :: 2.064* significant 

2. deer kill vs. traffic r :: -0.2269 

tl :: 1.1173 <t (23. 0.95) :: 2.064* not significant 

3. deer kill vs. precipitation r :: -0.2064 

tl :: 1.0116 <t (23. 0.95) :: 2.064* not significant 

4. deer kill vs. snow depth not calculated because of low correlation 
r :: 0.0781 

not significant 

* t obtained from standard statistical table with 23 degrees of 
freedom and 95 percent con~idence interval. If tl is greater 
than t. then the correlation between the two parameters ;s 
significant. 

The correlations are influenced by a few outliers. In this case the outliers 
were high road-kill counts in March. These outliers are explained by the move
ment of the deer to the slopes when the snow starts to melt. The change in the 
weather also melts the ice off the road and results in increased traffic speed. 
a probable factor in the road-kill count. 

(b) Regression Analyses 

Multiple regression analyses 
were performed to obtain predictive relationships between the responsive vari
able. deer-kill. and the independent variables. These analyses were considered 
insignificant when re l ationships could not be clearly defined for snow depth. 
precipitation and traff ic count. The correlation coefficient shows the rela
tionship to deer count as the greatest. See Tables A12.3.2-l. A12.3.2-2, and 
A12.3.2-3. Using a backward elimination procedure with deer kill regresse1 on 
deer road count. traffic. and precipitation (as the independent variables). 
the results are shown in Table 12.3.2-2. This result is identical with results 
of the previous correlation analysis; i.e. deer kill correlated only with deer 
road count. 
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Table 12.3.2-2 

SUMMARY OF REGRESSION ANALYSES 

1. deer road count, traffic precipitation 

Fl • 1.6492 "3.07 • F(3, 21 , 0.95)* not significant 

2. deer road count, traffic 
Fl • 2.1803 <3.44 = F(2, 22, 0.95)* not s i gnifi cant 

3. deer road count -
Fl • 4.5497 >4.28· F(l, 23, 0.95)* significant 

* F-statistic from standard statistical tables; if F1 is greater 
than F then the result is ~Ignificant. 

The non-significant F-sco, es can be attributed to the lack of good traffic data. 
The best data and those vsed were from the guard gate count. Traffic monitors 
on Piceance Creek Road were frequently cut by snow plows in inclement weather. 

(c) Other Analyses - . 
Using deer count by mile, a ratio 

of deer kill to deer road-count was determined for three segment~ of Piceance 
Creek Road as shown in Table 12.3.2-3. 

Table 12.3.2-3 

SUMMARY OF DEER ROAD-COUNT AND ROAD-KILL BY ROAD SEGMENT 

Road Road Percent of 
Road Segment Ki 11 Count Ratio Traffic* 

Rio Blanco to C-b 69 4527 0.0152 54% 
C-b to C-a Access Road 13 1397 0.0093 incl. 
C-a Access Road to White River City 21 1146 0.0183 13% 
Rio Blanro to C-a Access Road 82 5924 0.0138 27% 
Other Oil Shale Employee Traffic incl. incl. 6% 
Other Piceance Creek Traffic i IIC 1 . incl. ? 

* Traffic based on combined C-a and C-b employee estimates 
incl. - means included in other segments. 

of 446. 

The low ratio of kill t~ road-count on the section of Piceance Creek Road 
between the C-a and C-b access roads can be explained by the terrain. The 
other two sections have gentler terrain on both sides of the road. 
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Bus passenger reports from September 1, 1978 to January 31, 1979 were 
su","arized into round trips per weei< in Table 12.3.2-4 . 

Table 12.3.2-4 

SUMMARY OF BUS STATISTICS 

Total passengers for 21.86 weeks 
Average passengers per week 
Total bus trips for 21 . 86 weeks 
Average bus trips per week 

23,340 
1,068 

524 
24 

Although no prediction of deer saved is possible without adequate traffic 
data and passenger-per-vehic1e data, it is apparent that a substantial 
number of passenger vehic1e-round-trips per week are being saved through 
bus use. For example, the average number of passengers which ride the bus 
per week indicates a savings of 332 vehic1e-round-trips per week, if there 
is an average of three passengers per vehicle. If there is one passenger 
per vehicle, a savings of 1044 vehi cl e- round t r ips per week is the result 
of the bu s se rvice. 

12.3.2.2.6 CQnclusions and Recommendations 

Based on the available data, the 
scatter diagrams, correlation, and regression analyses show the only variable 
influencing the number of deer killed was the deer road-count. Yet, it seems 
natural that deer road kill is related to traffic and hence the reduction 
of traffic by providing buses is ~ significant factor in reducing deer road
kill . Also, the climate, condition of deer killed, and location where 
deer are most likely to be on the road may be shown to be significant when 

' better data are available. When any of these factors are found to be signi
ficant, additional mitigative measures may be fonnu1ated . 

The following changes in the experimental design have been implemented or are 
reco","ended in order that the interrelationships with these variables and 
deer k i 11 can be more aCCUl"a te ly detenni ned . 

1. Starting in March 1979, the deer mortality reports will include a marrow 
condition. This may establish a relationship between deer condition 
and road ki 11. 

2. Magnetic loop counters are being obtained to replace counter hoses as 
traffic monitors. These monitors will be placed at positions designed 
to relate traffic count to deer kill count by road segment. 

3. Deer kill and traf fic counts may be made daily for a short period of t i -~ 
to pennit a more detailed study of the interrelationship. When traffic 
counts were averaged by week to correspond with weekly deer kill cou nt s . 
daily variations in traffic count related to week-ends or holidays here 
lost. 
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4. An estimate of time of day deer are killed should be made when possible. 

5. 

Analysis of these data may indicate possible mitigative measures such 
as a change in hours at which shift changes occur. 

From guard gate inquiries or employee surveys, an average number of passen
gers per vehicle should be obtained. This information could be used with 
employee route information determined from residence and bus service data 
to perform correlation studies of deer count and deer road kill with traffic. 

6. Traffic speed controls should be considered during periods of high 
road kill and on road segments of high road kills. 

It would appear that the implementation of the above additions to the experi
mental design will yield sufficient data to evaluate the interrelationships 
of traffic load, mitigative measures, time of year, deer movements, and 
climate, on deer road kill. With this knowledge additional mitigative 
measures might be formulated. If a quantitative relationship between 
increased traffic and road kill were determined, it would be possible to 
predict the number of deer which are saved by the bus service and any addi
tional mitigative measures formulated . 

12.3.3 Effects of Urbanization on Hydrologic Response Time 

12.3.3.1 Scope and Rationale 

Hyd.'ologic response of a stream to a precipita
tion event or successive bursts of rainfall may b~ determined through com
parison of the hyetograph and hydrograph produced by a given storm. A hyeto
graph is a plot of rainfall rate versus time. A plot of runoff rate versus 
time yields a h/drograph. 

Precipitation which reaches the ground surface may infiltrate or flow over 
the land as runoff. Runoff contributed by various portions of the drainage 
basin will be incorporated into the hydrograph characteristic of a given 
point on the stream at different times. If the hyetograph and hydrograph 
are plotted on the same graph. the centroid lag, or lag time, can be determined. 
The lag time is the difference between times at which 50 percent of the total 
accumulation of both variables has ocr.urred. 

The lag time of a basin can be expected to decrease with increased urbaniza
tion. Paving. clearing and building could decrease infiltration and increase 
runoff and flood peaks. 

12.3.3.2 Objectives 

Although development of C-b Tract is antici
pated to cause a minimum of surface disturbance, study of lag times through
out development may provide a measure of surface impact . 
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12.3.3.3 Experimental Design 

Records of stream flow and precipitation 
for a stonm on at least an hourly basis are necessary to detenmine lag 
times. Although gauging stations are equipped with continuous flow recorders, 
only daily-average flows are published . The USGS Water Resources Division 
in Meeker provides hourly values on request. Flow data for Stations WU61 , 
WU58. WU42, WU39, WU36, and WU22 would be appropriate for studies of hydrologic 
response time. Station A~20, operated by C-b Tract, measures precipitation 
on an hourly basis during storms . Records of the amount of disturbance of 
Tract acreage on an annual basis are necessary to relate urbanization to 
hydrologic response time. 

12.3.3 .4 Method of Analysis 

A high-intensity storm of brief duration on 
September 3, 1977 produced a flood with a flow in excess of any other flood 
since 1939 (infonmation provided by a local resident) . The hyetograph and 
hydrograph of the storm are plotted for data gathered at C-b Station AB20 
and USGS Stream Gauging Station WU61 , Piceance Creek above Hunter Creek 
(Figure 12.3.3-1). Rate of rainfall and rate of runoff are given in inches 
per hour (Table 12.3.3-1). Stream gauging records in cubic-feet per second 
are converted to inches per hour according to the re1at onship "one inch 
per hour from one acre equals one cfsll. 

Ti me 

1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2300 
2400 

Tab1 (! 12.3.3-1 

RAINFALL AND PRECIPITATION DATA 

Hours Since 
Storm Inception 

a 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
13 

SEPTEMBER 3, 1977 

Discharge 
cfs 

9. 6 
9.6 

10 
55 

150 
305 
480 
355 
113 
63 
41 
25 
22 
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Runoff 
in . /hr. 

0.00005 
0. 00005 
0.00005 
0.00028 
0.00076 
0.00154 
0. 00243 
0.00180 
0.00057 
0.00032 
0.00021 
0.00013 
0.00011 

Rainfall 
.12.' ./hr 

0 
1.70 
0. 61 
a 
a 
a 
0 
a 
a 
a 
0 
0 
a 
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12 .3.3.5 Results and Discussion 

An estimate of the lag time of the drainage 
area upstream of the gauging station (309 sq. mi.) is approximately 5. 5 
hours. Additional storms will be studied to refine lag time estimates and 
to estimate possible future effects of urbanization on this parameter. 

12.3.3.6 Conclusions 

Although the Piceance Creek gauging station 
above Hunter Creek was used as an example, stations in the C-b Tract 
drainages should be evaluated for lag time as stream flow records lengthen 
to more accurately gauge possible effects of Tract development. 

12 .3.4 Effects of Herbivore Density on Shrub Utilization 

12.3.4.1 Qualitative JUdgments 

The dependent variables are (cattle and deer) 
herbivore densities. Independent variables include: climate data, road 
counts, age and sex counts, shrub production and utilization results and 
1agomorph abundance. This infonmation is gathered from developmental and 
control transects, micro-climate stations and various deer counts. 

Some general conclusions that can be made at this time are: 

* Cattle use has not changed appreciatively in the last four years. 
* Mule deer road count studies showed a spatial seasonal pattern 

almost identical to the past three years of study. 
* Baseline-condition evaluations of mule deer pellet-group distribution 

and density studies are continuing at this point in time. Transect 
locations which have been operative over the past two years have 
indicated very similar patterns of habitat u~e. 

* Production and utilization estimates of bitterbrush and mountain 
mahogany for this past year differed markedly from 1976-77 estimates 
in that production was lower and utilization was much higher. 
Yearly patterns of mule deer habitat use as revealed by these data 
are not as similar as patterns revealed by pellet-group data. 

* When precipitation decreased, browse production tends to decrease, 
but Itilization tends to increase. 

\2.3.5 Hunter and Trapping Pressure on Coyote-Rabbit Inter
relationships 

12.3.5.1 Qualitative JUdgments 

Hunting and trapping pressure is the dependent 
vari able which could i nfluence coyote-rabbit interrelationships include raptor, 
small mammal, deer, coyote, and rabbit populations, and climate. 
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Conclusions to date are: 

* There is very little rabbit hunting on or near the Tract. 
* Coyotes were trapped in October in West Stewart Gulch. 
* Raptor abundance has not changed significantly over the last four years " 

Difficulties in quantifying hunting pressure exist . Intensified contacts 
to be pursued in this regard are Dept . of Wildlife and neighboring ranchers. 

12.3.6 Deer Mortality versus Shrub Production and Utilization 

12 .3.6.1 Qualitative Judgments 

Deer mortality is the dependent var iable . 
Variables influencing deer mortality include: deer population and 
movements, climate, and shrub production and utilization . 

Deer mortality data is collected on ten permanent study plots. Some general 
conclusions that can be made at this time are: past sampling showed that 
sampling in selected sagebrush draws was just as informative as sampling 
random plots in all habitat types o~ or around Tract C-b. 

Since several new draws were added to the study since baseline, detailed 
analysis could not be done. Some results found this year were: (1) Possibly 
due to the mild winter, there were fewer dead deer per hectare than in previous 
years; (2) Fawns comprised 80% of the deer carcasses found this year. 
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13.0 NOTES 

13.1 Conversion Factors 

An attempt has been made to report all studies and data in metric 
units. In most cases these data are collected and initially tabulated in 
English units and a few analyses were carried out with English units. Table 
13.1-1 contains conversion factors for converting from English to metric units. 
Conversion from metric to English units can be made by dividing by the factor 
or by multiplying by its reciprocal. 

Table 13.1-2 presents additional conversion factors useful with interpretation 
of data reported herein. 

13 .2 Literature Cited 

Table 13.2-1 is a bibliography of literature cited in the text. 
Reference in the text is by author or title. 
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To Convert From 

acres 
acres 
atmospheres 
atmospheres 
atmospheres 
atmospheres 
atmospheres 
bJ.rs 
bars 
bars 
BTU (British Thermal 

Units) 
cfm 
cfs 
degrees Fahrenheit 
degrees Fahrenheit 
degrees 
feet 
ft2 
ft 3/min. 
ft 3 
ft3 
gals 
gals 
gals/min 
gals/min 
gra i ns 
gra ins 
hectares 
inches 
i nch 3 
miles 
r.,ph 
t)0unds 
;:.r)unds/ acre 
tJ0unds/hour 
;:'Ij 'Jnds/inch2 
tJ'Junds/ i nch 2 
(c~ians 
rfJd:. 
','.rr~ (S ta nda rd 

(utic Ft/Min) 
t'Jr, (short) 

Table 13.1-1 

TABLE OF CONVERSION FACTORS 

ft2 
hectares 
dynes/cm2 
bars 
rnn Hg 
newtons/m2 
lbs/ftZ 
atmospheres 
mb 
newtons/m2 
gm. cal. 

l~ters/sec . 
m / s 

To 

dE>grees Kelvin 
degrees Centigrade 
radians 
meters 
meters 
m3/sec. 
gals 
m3 
m3 

l~ters 
m /sec. 
1 iters/ sec. 
grams 
p~unds 
m 
cm 
cm3 
ki ometers 
mps 
kilograms 
kg/ha 
grams/sec. 
atmosphere!; 
mb 
degrees 
meters 
ACFM (Actual 

cubic ft./min) 
kilograms 
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Multi ply By 

4.3560 x 104 
0.404687 
1 .01325 x 106 
1.01325 
760 
1.01325 x 105 
2116.32 
0.98692 
1000.00 
105 
252. 

0.4720 
0.028317 
(OF-32)*(5/9) +273 
(OF-32)*(5/9) 
0.017453 
0.3048 
0.092903 
0.000472 
7.481 
0.028317 
0.0037854 
3.7853 
0.00006309 
0. 069088 
0.064798918 
1.42857 x 10-4 
104 
2.5400 
16.3872 
1.60935 
0.44703 
0.45359 
1.12173 
0.1260 
0.068046 
68.947 
57.29578 
5.0292 
(OKa/OKs)(Ps mb/Pa mb) 

907.185 



Factor by Which 

Table 13.1-2 

ADDITIONAL CONVERSION FACTORS 
MULTIPLES AND SUBMULTIPLES OF UNITS 

Unit is Mu1tielied Prefix Symbol 

1012 
109 
106 
103 
102 
10 
10-1 
10-2 
10-3 
10-6 
10-9 
10-12 
10-15 

Molecular 
Weight (MW) 

46 . 01 
30.01 
46.01 
64 .06 
34 .08 

16 . 01 
28.01 
43 .00 

Equation: 22.414 
MW 

tera T 
giga G 
mega m 
kilo k 
hecto h 
deka da 
deci d 
cent; c 
mi11i m 
micro lJ 
nano n 
pico p 
femto f 

CONVERSION FACTORS FOR GASES 

Pollutant 

NOx as N02 
NO 
N02=NOx -NO 
S02 
H2S 
THC 
CH4 
CO 
03 

( 298) m = Factor 
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To Convert pg/m3 at 250C 
and 760 mmHg to ppb 

Mu1tie1y by Factor 

.532 

.815 

. 532 

. 382 

.718 
1. 530 
1.525 

.873 

. 510 
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FOREWORU 

The 1978 C-b ANNUAL REPORT is submitted to fulfill the ~equirements 
of the Oil Shale Lease as stated in Section l6(b) of the Lease, 
Section 1.(C)(4) of the Lease Environmental Stipulat ions, and Condi
tions of Approval (No.3) of the Detailed Development Plan. This 
report consists of the following volumes: 

Volume 1 

Volume 2 
Appendix 2A -
Appendix 2B -

Summary of Develoement Activities, Costs and 
Environmental Monltoring 
Environmental Analysis 
Volume 2 Supporting Data 
Volume 2 Time Series Plots 
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USERS GUIDE TO APPENDIX 2A 

Appendix 2A contains supporting data for the 1978 C-b Annual Report, Volume 2, 
Environmental Analysis. These data appear in the forms of figures and tables 
and within the context of documentation for special analyses performed during 
the period of th1S report. 

Both a list of figures and a list of tables, which are referenced in Volume 2 
as belonging in Appendix 2A, appear immediately following the cover page of this 
appendix. A list of smaller, supporting appendices can be found following the 
list of tables; figures and tables not speci fically referenced in Volume 2, but 
found in Appendix 2A, are listed on the title page of each supporting appendix. 

Numbers assigned to supporting appendices, figures, and tables serve as a cross 
reference to section designations of Volume 2. The second- and third-level 
numbers correspond to the same second- and third-level section numbers in 
Volume 2 (e.g., Table AS.2. 1A contains supporting data for section 5.2.1 of 
Volume 2, while Appendix A6.3.2B contains supporting data for section 6.3.2 
of Volume 2). The header and trailer le t ter designations on all supporting 
appendices, figures, and tables refer to the physical location of the document 
in Appendix 2A and to a special study type (within the third-level designation), 
respectively. All supporting appendices, figures, and tables appear in numeri
cal order by section number . 



APPENDIX A2.2 

COMPUTER STATION CODES AND CROSS-REFERENCE 

A four-digit computer station code has been designed for identfying stations 
in he computer data base management system. It consists of two letters 
followed by two numbers: 

AB23 

I I~ : Station number 
Study or category 
(Example: air quality trailer) 
Program area 
Examples: 

A :: air 
N :: noise 
W :: water 
8 :: biology 
P :: photography 

This code is presented on Table A2.2-1 for the environmental program. 
Associated station maps appearing in this report are: 

WATER 

AIR 

NOISE 

BIOLOGY 

Figure 

5.2.1-1 
5.2.2-1 
5.3.1-1 
5.3.2-1 

6.2.1-1 
6.3.1-1 

7.1.1-1 

Jacket 
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53 
91 

116 
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TABLE A2.2-1 
COMPUTER STATION CODES 

Meteorology 

Sta. Designation 

et. Tower: 

Trailers: 

Acoustic 
Radar 

MRI and 
Particulates 

I I !!Qill 
Traffic Noise 

III ~ 

USGS Stream 
Gauging S a. 

Spr nqs & 
SeeDs 

All uv i ill ' Ie 11 s 

fa Sta 023 

Sta 020 
021 
022 
023 
024 

Sta 020 
021 
023 

Sta 031 
032 
033 
041 
042 
043 
044 
056 

Sta II 
IX 
XV 

09306007 
36 
39 
42 
61 
50 
52 
58 
33 
25 
1S 
08 
22 

S-l 
2 
3 
J 

6 
7 
8 
9 

:11 
S~A 

A-1 
A-2 
-2A 

3 
3A 
~ 

3 
934 

Computer Code 

AA23 

A320 
AB21 
AB22 
AB23 
AB24 

AC20 
AC21 
AC23 

AD31 
A032 
AD33 
AD41 
AD42 
AD43 
A044 
ADS 

NA02 
NA09 
NB1S 

WU07 
\oIU36 
WU39 
\oIU42 
',011)61 
\oIU50 
WU52 
WU58 
';lU33 
:.IU25 
' U15 
WU08 
';lU22 

IoISOl 
\01502 
503 

\01504 
\0150 
\01507 
\~S08 

S09 
',0/510 

511 

~M1 
.• A02 
'. IA 14 
;O/A03 
;/1\15 
' .. :A04 



Water Cont'd 

Alluvial Wells 
Cont'd S 

SA 
6 

SA 
7 

7A 
8 
9 

10 
11 
12 
13 

TABLE A2.2-1 

4 
935 

CO!I!J)uttr Code 

WAOS 
WA16 
WA06 
WA17 
WA07 
WA18 
WA08 
WA09 
WA10 
WAll 
WA12 
WAll 



O"P Wells 

84ul ine d/ld Bdon! 
Recompletions 

STA. CODE 

C8-2 WX02 

C8-4 WX04 

AT-1C-3 WX44 

SG-1-2 WX12 

SG-6-3 WX63 
i 

SG-8-2 WX82 

SG-9-2 WX92 

SG-l0A WX10 

SG-ll- 3 WX55 

5G-17-2 WX17 

iG-1BA WX1B 

;G-19 WX19 

iG-20 WX20 

;G-21 WX2 l 

T~BLE A2. 2-1 

UPPEi: AQUIFER 

-. - -
Ul Level (!itring 1) urc Leve l (String 2) 
After Recompletlons 

STA. 

CB- 2 

CB-3 

CB-4 

AT·1B 

SG-l 

SG-1A 

SG-6 

SG-9 

SG-l0A 

SG-l1 

SG-17 

SG- 1BA 

SG-19 

SG-20 

SG-Zl 

33X-l 

J2X-1Z 

CODE 

WC02 

WC03 

WC04 

WC41 

WC1 2 

WC1 3 

WC60 

\oIC90 

WC1 0 

C50 

WC17 

WC1 8 

'..IC19 

\oIC2 0 

\oIC21 

WC33 

'..IC32 

I 
I 
, 

! 
I 
I 

, 
I 

I 

5 
936 

After Recomplet ions 

STA. CODE 

CB-2 W002 

AT -1 B-3 W043 

SG-l W012 

SG-1A-Z W013 

SG-6-3 14063 

SG-10A-2 WOlD 

SG-17-J W0 17 

SG- 1BA- 3 OlB 

SG-20-3 020 

SG-Zl-4 W0 21 

33X-1-4 033 

3ZX1Z-4 ..1032 

I 
UPC~ Level (~trin9 J 
After Recomp le t ions 

STA. CODE 

CB-3 WE03 

CB-4 WE04 

I 

I SG-6-1 WE61 

I 
I 
I 

SG-9-2 WE92 

SG-10A-l WElD 

I 
I 

I 

SG- 17 -2 WE1 7 

SG- 1SA-2 WE1B 

SG-20-2 '..IE 20 

SG -Z l -3 WE 21 

33X-1- 3 El3 

32 X12- J IoIE32 



TABLE A2. 2-1 

Deep Wells (cont'd) 

LO',o/ER AQUIFER 

" Baseline and Before I LPC3 Level (String 4) LPC4 Level (String S) 
RecOlllpletions I After Recompletions After Recomp letlons 

J -
STA. CODE STA. CODE STA . CODE 

C8-l WYOI I 
r. I 

~~ I 

AT-l jjY44 AT-IA WG40 :;::. 
~ u 

AT-1B-l WG42 I --
AT-1C-l WY4S I 
AT-1C-2 WY46 I 
SG-l-l ~Y12 SG-l-1 WG12 i 

I I , 

SG-6-1 WY61 I 

SG-6-2 WY62 SG-6-2 WG62 I 
SG-8 WY80 SG-8-1 WG81 SG-8-2 WH82 

SG-SR WY8l 

SG-9-1 WY91 SG-9-l WG91 

SG-IO '~Y09 SG-IO WGIO 

SG-IOR WY10 

SG-l1-l WYSI SG-ll-l WG52 

SG-11-2 WY54 

SG-ll-IR WY52 

SG- 17-1 WY18 SG-17 -1 WG17 

SG-17-1R WY17 

SG-l8A-l WGIS 

SG-20-l WG20 

SG- 21-2 WG2l SG-2 1-1 WH21 

33X-1-2 WG33 ddX- l - l WH33 

32X-12-2 WG32 32X-12-1 WH32 

6 
937 



IV Biology 

Program 

Deer Days Use 

*ANALYSIS CODES: 

TASLE A2 . 2-1 

General Location 

Between Hunter Cr. I Jimmy Gulch 

North Side, Pic.ance Creek 

South Side, Piceance Creek 
On Tract Bet. Willow & Scandard 

On Tract bet. Cottonwood & Sorghum 

On Tract bet . Sorghum & W. Fork 
Stewart 

On Tract bet . W.& M. Fork Stewart 

On Tract bet. Willow & Scandard 
North End 

On Tract bet. Willow & Scandard S.E. 
On Tract bet . Cottonwood & Sorghum 

North 
On Tract' bet. Cottonwood & Sorghum 

South 

PJ-CH-C - Pinon Juniper, :hained, Control Station (12 ) 
PJ -C - Pinon Juniper, Control Stati on ( 6) 
PJ-CH-D - Pinon Juniper, Chained, Development Station ( 3) 
PJ -0 - Pinon Juniper, Development Station ( 6) 

7 
938 

Computer *Analysis 
Code Code 

BAlJl - PJ-CH-C 
BA02 - PJ-CH-C 
BA03 - PJ-CH-C 
BA04 - PJ-CH-C 
BAOS - PJ-CH-C 
BA06 - PJ-CH-C 
BA07 - PJ-CH-C 
BAOS - PJ-CH-C 
BA09 - PJ-CH-C 
BA10 - PJ -0 
BAll - PJ -0 
BA12 - PJ -0 
BAlJ - PJ -C 
BA14 - PJ -C 
BA1S - PJ -C 
BA16 - PJ -0 
BA 17 - PJ -CH-C 
BAla - PJ-CH-C 
BA19 - PJ -C 
BA20 - PJ-CH-o 
BA21 - PJ-CH-o 
BA22 - PJ -0 
BA23 - PJ-CH-O 
BA24 - PJ -0 
BA2S - PJ-CH-C 
BA26 - PJ -C 
BA27 - PJ -C 
BA2a - PJ-CM-C 

BA29 - PJ-CH-C 
BA30 - PJ-CH-C 

BA31 - PJ-CH-C 



TABLE A2. 2-1 

B ology Cont'd 

Program General Location 

Deer Mortality North Side of Piceance Creek 

South Side of Piceance Creek 

Deer Age Class General Area of Tract 

Coyotte Abundance 8 Transects for Total of 30 miles 
IS mi seg. near Hunter (control) 
15 mi seg. on & South of Tract 

(developmen t) 

Lagomorph Abundance Ident ical Locations to deer use days 

Sma 11 Marrma I s 

Avifauna 
Songbirds and 
Gamebirds 

Piceance Creek (Development) 
On-Tract-west (Development) 
Piceance Creek (Control ) 
On Tract-east (Control) 

N.W. of Tract-near Jimmy 
On Tract-Scandard 
On Tract-CottonwoOd 

PJ-CH-C 

Com(!uter Code 

BDOI 
BD02 
B003 
B004 
B005 
B006 
BD07 
B008 
BD09 
BOlO 

BEOI 

BFOI 
BF02 thru BF08 

BAOI to BA27 

BGOI 
BG02 
BG03 
BG04 

BHOI 
BH02 
BH03 

S. of Tract-bet. W&N Fork 

PJ -0 
PJ-CH-O 
Stewart PJ -C BH04 

Raptors 

Aquatic Ecology 
Benthos 

Peri phyton 

Water Quai ity 

Vegeta tion 

The entire tract and surrounoing 
stUdy areas. 

USGS 90306007 (Control) 
USGS 58 (Development ) 
USGS 61 (Development ) 

Piceance Creek Upstream (Control) 

Piceance Creek Downstream (Development ) 

USGS 09306061 (Development ) 

Community Structure 

Herb Productivity 
and Utilization 

Sh rub Productivi y 

Chained oinyon juniper 
Chained pinyon jun 1per 
Upland sagebrush 
Bottomland sagebrush 
P nyon juniper WOOdland 
Pinyon juniper wood l and 

( 978)(Dev) 
(1 978) (Cont ) 
(1980)(Cont) 
(1 980 )(Co~t) 
(1 979 )( Dev ) 
(1 979)(Cont) 

Identical locations to community 
structure 

Plus 
~ange cages in random locations 
20 cages on sou th faCing PJ for basel ine 
5 cages for fer llization ass Ssme" 

and Util1za tion Same sta t lon~ as Deer Us e Days Study 

General Condi t lon Bj aircraft over en 1re ract area 

8 
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BIOI 

WU07 
WUS8 
WU61 

WPOI 
WP02 
WP03 

WU61 

BJOI 
BJ02 
BJ03 
BJ04 
BJOS 
BJ06 

BJOI thru BJ06 

BKOI thru BK60 
BK6 thru BK80 
BK81 thru BK8S 

BAOI hru BA27 

Not in comouter 



TABLE A2. 2-1 

Biology (Cont'd) 

Programs: Deer Distribution & M1grat1 on and Road Kills 

Mile 
Marker Location 

41 White River Citl 
40 Piceance Bridge 

39 Lower Canyon 
38 Piceance Can;ton 
37 Yellow Creek 
36 St1nking Springs 

35 Old Bridge 
34 Little Hills Turnoff 
33 Old Corrals & Bulld1ngs 
32 Burk Ranch 

31 ~ Ranch 
30 

~9 
28 Bureau of M1nes 
27 Rlan Gulch 
26 PuJr.? Station 
25 
24 Rock School 
23 Ag 021 
22 Pat Johnson's Ranch 
21 Hunter Creek 

20 PL Gate 

19 Ag 020 

18 Sorghum, Cottonwood 
17 Stewart Gulch Rd. 

16 A g Trailer 022 
15 01d1and's Ranch 
14 01d1and's Ranch 
13 Pond and Cabin 

12 Sprague Gu 1 ch 
11 Cascade Gulch 
10 13 Mile Gulch 
9 14 Mile Gulch 
8 Schutte Gulch 
7 Robinson's Ranch 
6 
5 2 Old Cabins (35 MPH Curve) 
4 McCarth;t Gulch 
3 Cow Creek 
2 Mahogan:t OJtcrooping 

lIoodward Ranch 

0 Rio Blanco Store 

9 
940 

North of 
Computer Code 

South(Meadows) 
Piceance Creek of Piceance Creek 

BN41 BM41 
BN4D BM40 

BN39 BM39 
BN38 BM38 
BN37 BM37 

B"36 BM36 

8N35 BM35 
BN3~ 8M34 
aMJ3 BM33 

aMJ2 BM32 
BN31 BM21 

BN30 8M3Q 
BM29 BM29 
BN28 BM28 

BN27 6M27 
BN26 BM?6 
aN25 BM25 
BN24 BM24 
BN23 BM23 
BNZ2 BM22 
BN21 BM21 
BNZO BM20 

BN19 BM19 

BN18 BM18 
BN17 BM17 

BN]§ BMt6 
BN]5 BM, 5 
BN14 BM14 
BN13 BM13 

BN12 BM'2 
BNll BMll 
BN10 BM10 
BNQ9 BM:l9 
BNQS BM08 
BN07 Br-w:J7 
BN06 BMD6 
BN05 S/otJ5 
BN04 BMa4 
BND3 B/otJ3 
BN02 SMa2 
BNOl BMOl 
BNOO BMOO 



Biology (Conl 'd) 

Program 

~"cro Cl fmate 

TABlE A2. 2-1 

General Location 

MC Sta. 1 
2 
3 
4 
S 
6 
7 
B 
9 

13 

10 
941 

Computer Code 

BCOl 
BC02 
BC03 
BC04 
BCOS 
BC06 
BC07 
BCOB 
BC09 
BC13 



( 

APPENDIX AS.2.1 

This Appendix consists of four parts: 

AS.2.1A - Summary Tables for Univariate Time Series 
Analyses 

AS.2.1B - Data for USGS Major Gauging Stations 

AS.2.1C - T·TEST Procedure Results for USGS Gauging 
Stations 

AS.2 . 1D - Univariate Time Series Analysis UCS FORTEll 
Box-Jenkins Package 

11 
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APPENDIX AS.2.1A 

Summary Tables for Univariate Time Series Analyses 

List of Tables Appearing in Appendix AS.2.1A 

TABLE NO. PAGE 

AS.2.1A-l Univariate Time Series Analyses Mean Monthly Flow (cfs) 
Major USGS Stations 13 

AS.2.1A-2 Univariate Time Series Analyses S04 Concentration (mg/l) 
Major USGS Stations 14 

AS.2.1A-3 Univariate Time Series Analyses NA Concentration (mg/l) 
Major USGS Stations lS 

12 
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Table AS.2.1A-l 

UNIVARIATE TIME SER1ES ANALYSES 

MEAN MONTHLY FLOW (cfs) 

MAJOR USGS STATIONS 

USGS MODEL SERIES SERIES MEAN OF S. D. OF CHI SQUARE 
Sta * PARAMETERS MEAN S. D. RESIDUALS RESIDUALS TEST (95%) TREND 

007 ~ = 10.176 
~l= 0.53076 9.9997 8.0671 0.36053E-03 0.68633E+01 NOISE N 

022 ~ = 1.632 
4J = 1 0.62038 1.6733 0.62628 -0.32148E-05 0.49960 NOISE N 

<D~ 058 1.7194 ~w ~ = 
~ 

4J = 0.65157 1.7002 0.97969 -0.10046E-02 0.74408 NOISE N 1 

061 ~ = 14.239 
4J = 1 0.59035 14.069 7.3146 -0.20778E-02 0.58856E+01 NOISE N 

General Fonm of Ti me Series Model for Mean Monthly Flow 

(l- 4J 1B1 ) (Zt-~) = at 

4Ja = Autoregressive parameter of order a 
6b = Moving av~rage parameter of order b 



USGS 
Sta # 

007 

022 

058 

061 

f«)DEL 
PARAMETERS 

M = 165.85 
4> 1f -= 0.25727 

M = 367.99 
~l= 0.30307 

M = 337.09 
cp 1 = 0.41802 

M = 296.93 
cp = 0.49512 

1 

SERIES 
MEAN 

165.40 

367.53 

337.00 

297.22 

Table A5.2.1A-2 

UNIVARIATE TIME SERIES ANALYSES 

S04 CONCENTRATION (mg/1) 

MAJOR USGS STATIONS 

SERIES 
S. D. 

16.436 

17.924 

20.067 

47.005 

~1EAN OF 
RESIDUALS 

0.19576E-03 

-0.17136[+00 

0.19789E-03 

-0.89333E-03 

General Form of Time Series Model for S04 Concentration 

Stations 022, 058, 061 (1-+ 18
1) (Zt-~) = at 

Station 007 (1-+484) (Zt-~) = at 

' a = Autoregressive parametel' of order a 
6b = Moving average par~neter of order b 

S. D. OF 
RESIDUALS 

O. 16648E +02 

O. 1 71 38[+02 

0.18447E+02 

0.41248[+02 

CHI SQUARE 
TEST (95%) TREND 

NOISE N 

NOISE N 

N 

NOISE N 



USGS 
Sta # 

007 

022 

058 

061 

K>DEL 
PARAMETERS 

M = 122.95 
• = 0.163 

1 

M = 123.42 
+7= .47099 
+ = 0.012231 8 

M = 118.93 
+1= 0.58705 

M = 146.92 
+1= 0.46995 

SERIES 
MEAN 

123.22 

124.64 

119.44 

147.33 

Table A 5.2.1A-3 

UNIVARIATE TIME SERIES ANALYSES 

HA CONCENTRATION (mg/1) 

MAJOR USGS STATIONS 

SERIES 
S. D. 

19.633 

11.017 

8.4474 

22.937 

MEAN OF 
RESIDUALS 

-.17912E-Ol 

-.38878E-04 

-.19285E-03 

-.14461E-03 

General Form of Time Series Model for Na Concentration 

Stations 007.058.061 (1_+181 ) (Zt-lJ) = at 

Station 022 

+a = Autoregressive parameter of order a 
6b = Moving average parameter of order b 

S. D. OF 
RESIDUALS 

0.19441H02 

0.47358E+01 

0.65648E+01 

0.20202E+02 

CHI SQUARE 
TEST (95%) TREND 

NOISE N 

NOISE N 

N 

NOISE N 



APPENDIX AS.2.1B 

Data for USGS Major Gauging Stations 

16 
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PH DATA 10/74 - 5/78 

8.5 8.0 8.1 8.7 7.9 8.4 8.5 8.5 8.4 8.3 8.2 8.3 8.2 8.2 8.2 
8.3 8.3 8.0 8.3 8.3 8.3 8.2 K) 8.3 foI) 8.3 rt) 8.3 8.2 K) 
8.1 8.2 8.4 8.1 7.9 8.3 8.2 

B DATA 10/74 - 5/78 

244 240 187 205 175 215 150 265 200 210 215 215 210 200 180 190 210 
130 140 220 K) K) 220 210 fool) 190 fool) 200 It) 100 fool) MO 240 fool) 
250 240 240 190 200 130 150 

FLUORIDE DATA 10/74 - 5/78 

1.1 1.0 1.1 1.2 1.2 1.0 0.5 0.7 0.8 0.9 0.9 0.8 1.0 1.1 1.1 1.0 1.0 
0.6 0.9 0.1 1.1 It) 1.1 1.1 fool) 1.2 pt) 1.3 pt) 1.1 pt) 1.2 1.2 MO 
1.0 1.2 1.2 1.2 1.3 0.7 0.6 

<0 __ AS DATA 10/74 - 5/78 
~-.... 
ex> 

USGS Station WUOl Data Prior to Interpolation 



PH DATA 10/74 - 5/78 

8 . 2 ~.5 8. 5 8.4 8.6 8. 5 8. 5 8.2 8 . 1 8.5 8. 1 8.3 8.0 8.2 8.3 8. 3 8. 3 8. 3 8. 3 8. 3 8. 3 8.0 7.1 8. 3 8.4 8. 2 p.f) 8.2 p.f) 8.3 p.f) lL2 p.f) 8.2 8. 2 p.f) 
8.2 8. 3 8. 2 8. 2 8.1 7.9 8.0 8.3 

B DATA 10/74 - 5/78 

100 325 140 120 75 77 85 80 80 70 75 85 145 80 90 80 80 180 80 110 310 p.f) MO p.f) 80 80 p.f) 70 p.f) 80 til K> p.f) p.f) K) p.f) 
80 100 90 80 90 80 80 80 

FLUORIDE DATA 10/74 - 5/78 

.2 2. 0 .8 . 2 . 3 .2 . 2 .2 .2 . 2 .3 .2 .2 .3 .2 .3 .2 . 2 .2 .3 .2 p.f) fi) MD . 3 .3 fo1) .3 p.f) .5 p.f) .3 fo1) .2 .3 p.f) 

.3 . 3 .3 . 3 .3 .2 . 2 .3 

AS DATA 10/74 - 5/78 
<0 ..... 

~ CX> 1 2 1 1 2 1 0 .5 0 1 . 5 1 1 1 1 1 1 pt) p.f) 0 1 MD pt) f1) 
1 1 foI) 2 fo() 1 p.f) p.f) p.f) fo1) p.f) p.f) 2 2 1 1 1 1 1 1 

USGS Station WU22 Data Pri or to Interpola t i on 



PH DATA 10/74 - 5/78 

8.4 7.4 8.47 8.71 8.34 8.3 8.56 8.5 8.4 8.5 8.5 8.5 8.7 8.7 8.9 8.4 8.4 8.4 8.1 8.4 8.3 8.3 8.4 8.1 8.4 fo() fo() MO MO 8.3 fo() 8.4 8.3 8.4 fo() 8.4 8.4 8.4 8.3 8.4 8.1 8.1 8.3 
B DATA 10/74 - 5/78 

105 fo() fo() HI) fo() fo() 120 110 130 100 120 125 120 100 110 90 100 140 830 2800 130 120 f1) fo() 100 100 fo() M MD 100 fo() 110 f1) p.u 120 p.u 110 110 110 100 100 130 110 

FLUORIDE DATA 10/74 - 5/78 

.4 f1) fo() fo() f1) fo() .3 .3 .4 .4 .4 .4 .4 .5 .4 .3 .4 .4 .4 .4 fo() fo() .3 .4 f1) fo() MD .5 f1) .5 MO .4 .4 f1) .4 .4 .4 .6 .4 .4 .4 MD 

AS DATA 10/74 - 5/78 
<D __ 
Ul U) 1 fo() fo() fo() fo() fo() 3 1 1 1 1 1 1 1 0 fo() 0 0 1 1 fo() 0 

1 13 fo() f1) t1) 1 fo() 0 f1) fo() 3 fo() 2 3 2 1 ? 1 1 1 

USGS StationWU58 Data Prior to Interpolation 



~ ~_~~. ~';J'''.~. .__ _ _ _ 

PH DATA 10//4 - 5/78 

8.3 8.3 8.3 8.2 7.7 8.4 8.0 9.2 7.8 8.4 8.3 8.5 7.8 8.2 8.3 8.3 8.3 8.4 
8.3 8.3 8.3 8.2 8.1 8.3 8.1 8.3 8.1 8.2 8.3 8.2 8.0 8 .1 8.4 8.2 8.3 8.1 
8.3 8.1 8.3 8.1 8.1 8.2 7.8 8.5 

B DATA 10/74 - 5/78 

220 210 190 175 155 145 155 160 205 215 185 190 190 200 160 140 140 200 
390 770 230 240 ft) ft) 180 190 180 160 150 150 150 180 200 190 220 200 
190 190 190 170 180 140 120 170 

FLUORIDE DATA 10/74 - 5/78 

.6 .6 .6 .7 .6 .8 .6 .5 .7 .7 .7 .7 5 .8 .7 .6 .6 .6 .6 .7 .7 .8 tt) tt) 

.6 .7 .6 .7 .7 .8 .8 .9 .8 .7 .7 .7 7 .7 .7 .7 .7 .6 .5 .7 

AS DATA 10/74 - 5/78 

(ON 2 3 2 1 3 1 2 2 1 3 3 3 3 1 2 2 1 ft) 1 1 4 4 ft) tt) 
~o 

2 3 3 2 0 2 2 2 3 3 1 2 3 6 2 4 2 2 3 2 

USGS Stat;onWU6l DataPr;orto Interpolation 
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25-

H: 

1-
9-

17-
25-
H-
41-
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9-

17-
25-
33-
41-

,-
9-

17-
25-
33-
41-

TIRE SER.ES ANAL'S'S Of "fAM ROMIHLY FLOW (51A. "1' 

L.ST,N' OF OBSERVED StilES 

• It 
32 
4D 
U 

0.']0000(-01 0.£5.000E-Ol 
0.220~08(-02 1·'01S0~E-'2 
O.U\OO £t02 .1I~601Jl- 2 
O.522~00E-01 0.716000£-01 

1:~ilg::~::l l:ltJt.:I:al 

0.&7900IE-., 
0.14160~E-Ol 
0.1 dOOoOEtll 
o. 715000E.01 

8·210000E'01 
.334]00E.02 

0.7I5010f-" 
1·148010f.02 
o. 0]500h12 
0.519010E.--' 
0.2]\0410£.01 
0.251000[.02 

TI"f SERIES 'NAL'SIS Of ~EAN "ONTHL' flOW (STA. 022) 

lISTI.'.Or OBSERVED SERIES 

a 
16 

H 
40 
is 

0.1 H 0 0 Ol- 0 1 
0.2'5(.100£.01 
0.'"1vOOE-01 
0.14 1000l.01 
0.10UOOE-Ol 
0.151000EtOl 

0.20S000E-01 
o • 2' 60 0 0 l - 01 
0.420000E-i)1 
0.150000t:-Ol 
0.140000E-" 
0.143000E-Ol 

0.1960113EtOl 
0.20200IlE-01 
0.2i80uIlEt01 
0.11. 7000£-01 
0.6600uOE-00 
0.142000E-Ol 

0.209000e.Ol 
0.1910ll0r.01 
0.2HOClO£tOl 
O.ISeOOilE-Ol 
0.108000[-01 
0.130000£-01 

T"lf S£RJ[S ANALYSIS Of HUIII HllHJ.tLY ;L Oll (STA . 0)0) 

LISTI'" Of OBS£RW(O ' Sllllt~ 

8 0.670000e+00 tI.l!0,)00':.01 0.H500uE-Ol 0.2'1001)£-01 

16 0.136000etO 1 0.217JJllltOl 0.209000e-., 0.101000[·01 

24 0.435000l.01 O.32bvOIlt: t Ol OolUOOOE·Ol 0.139000~-01 

32 0.257000e- 0 1 O.18'tOOOI+Ol 0.21300\)E.Ol 0.16700H-Ol 

'0 0.800000l-00 1I.10900ntOl a.111200UE.01 0.950000£·00 

48 0.1580!JOl-Ol 0.IS10JOEt:}1 0.13600IlEtOl 0.420000 e .00 

T 1'1 f hHII:S ''tAU:''.;i u~ rot"" "o~ IHLY Ilull (S IA. 110 I ) 

II !iT'''' Of OIiSERnD SU'U 

:s 0.SS3000E-J1 6.165000t.02 0.'76i)01l£tO~ 0.lb501l0)[+112 
16 1I.251l00(l( -Ill O.I340311£.l1l 0.h800IHtOl 0.IS000H-02 
l:. ".210!03E-1I~ 0.;>16100L-:l2 0.26090IlftO? 0.793110,,~.01 

H o.H4(.OOC;." 0.10llllll&:-v2 0.164l0IlE-Ol 0.1l9100Et 02 
0.1 !l7700E-ill 

0.175000(-01 
0.18l000r-Ol 
0.20jOOQl:-1I1 
0.114000E-Ol 
0.120000£-01 
0.101000E_Ol 

0.2 0611 0 0e+01 

00000160 

00000160 

0.706000E.01 
0.110000£.01 
0.1 StoOOE-01 
0.1bl0nlle.Ol 
0.141000[.01 
0.49I1(10Ile-00 

011000161/ 

0.336000£.01 
0.321-000E-Ol 0.311001l1: t O, 
0.8001)09[-00 O. 5HOOOl: -0(1 
0.1'4000E_Ol 0.156000l-01 
0.1240110£ _01 0.133000E·Ol 
0.6701l0n-00 0.650000e+oo 

UIIJ"OIt-1i 

0.16411ooe 0(\2 0.l05000l-lll 
0.112300(t02 1I.25000IlE-1I2 
O. 506000~ .01 0.1\100llEt01 
0.129lO1lE-Ol O.126901l[-Ol 
0.315000£.01 0.52I1vOuf:tIl' '!I u.S!:!'''OOl .0. II. 71 00 J liE .01 0.8420110(-01 

f.I! :I.l0b700l.:",? 0.146300l-112 O. H 7700b 02 0.208100£-02 1I.931000EtOI 0.1I000OOlt111 

Flow Data - (Oct. 1974 - Sept. 1978) 

O.B2000f-Ol 
0.1)'»000e.01 
O.IS~I)\lI)E.1I1 
O.I511)OOf-Ol 
o. H5000feO 1 
0.6101100£.0 .. 

0.294000E.01 
0.317000E+O' 
0.1101/00E·ill 
0.71Oi)00e-00 
0.145000e.Ol 
O.laOOOOE'O;» 

1I.13'IIOOc.UZ 
0.22'8uOE-02 
0.1 n100f tilt 
0.4670;)UE'01 
O.Io\OllOf -ul 
O.64500aEtOl 

l}.l34000£-O' 
e. 16'''''' OE _ 0 1 
0.4100UI)E·,,0 
0.12uooe.01 
O. 1 6 31) 0 Of • 0 1 
0.18001l0e-.,0 

O. 13 0 0 0 Of - 00 
0.2721100EtOl 
0.Z43000£.01 
0.50011 OOl+ 00 
0.1 17 00 oe - 01 
0.5 301l00E. 0 0 

0.j67110Il£.0~ 
I).17290a£ tll2 
('.19101/11£'01 
0.614t10J'.OI 
1).10~lUUEt02 
0.,9101111£ -01 

r Ii,. ~--------
\ 

• _ '1' 

- . ~ - - ~ . . --



L 

------------------+'~I*~£~~9E~ft~I·~*~~~&4_€ONff~~A~~~-~ ... r_i~~~------~~----------UOOO~O--------------------------

LISTIN; Of OBSFRYED SE_ltS 

1-_ d 0.170000f.03 8.160000£t83 0.15~000EoU] g.,60UOOF+O'- 0.11~~00l.~3 S.14C800f+03 0.,75JUOE+S3 O.14?vOOE+03 
9 16 0.145000E+0] .1;0300E+ 3 O.17uJOUE+~3 .170000EoO] b.1,5030E+03 .160 0~Et03 O.15~OUu(0 3 0.1S000IlE+u3 

17- 24 0.15UOOOE+U3 0.150aOU~.03 O.1,OUdO[.03 0.1400U~Et03 U.190UOOf_03 0.1~0000[t03 ~.17QUOO[oJJ u.1700u~Eo03 
----------~~~~''t:---~-<'lt-:Z--,Ott-.;-t-' , 0 0 0 Op-. 0 ~T111 0(1 0 ~ E-. 0 }--O .t-t 0 0 0 "f .. ~-rt-6 0 0 0 0f-t-itTO-rl6 0 0 00 E-t-O 3-h-1 600 e 0 r-.&-3-6 .--t b9 0 \I d f-t-v-;--o ...-1-6"611 0 til'. 0 3-

40 g.'658oor+03 L.170000E+J] 0.'UOgovE+03 8.'~0080E.03 O.l~OOOOE.O} 0.1~0000Eo03 0.1600uOEo03 U.170vUUEoU3 
4S .210 OaE+03 0.150000l 003 0.150 OUEt03 .1400 OE-Ol 0.21000D{+0~ 

TI"f SERIES ANALYSIS OF S~4 CONCcHTRAllON (STA. 02Z> 

------------,LrTl~' OF OBSERYEO- SFRIES 

UUUOu161) 

1- a 0.360003Et03 0.340000(01)3 0.35400UE+03 0.380000E+03 0.375000Eo03 0.370~OOE+93 ~.36S00deoU3 0.370000E+03 
-----------O-9-=---1"c11li---n-u~. lTn 0 0 t'-0n. n 5 000 E ' -0'-0"'95000 r +"031) .")8500 0 t'-O.1"O ' ,P . ~ 0 0 0 LT oro", 70 0 ~o E 4 0:1 O. 1701r0 0 k:"'Tll-r-'JOT60 U OUfTO r 

17- 224 0.370080f+O 0.340000E+03 0.360000E+03 0.36°8°)(+03 0. JBJ OOOEo03 0.400JOOE+Ui 0.37SJOOEtvJ 0.3300ua~0~3 
25- J O.~600 OEtOJ 0.360000E+03 0.3bOOOaEt03 0.360 00Et03 0.360000E+03 0.300000£+0 J.37JOJOEo03 0.j800~~f+03 _____________ ~3r3~-;-~4r~~~07.3~U~OOOOf+03 0.380000~+03 0.370000f+Ol O.l70UOOf+03 0.j60000ftO~3~O~.~3~~~0~0~0~0~E_+~0~~O~.~3~6_1)~0~~~O~f_t_0~3~0~.~3~7~O~u~O_~~F._+~0~l_ .1- ., O.350000FroY-ue3l0000£,oro~oOOOFTOS-OOJ50000EfiO:1-atJ700aOE+Ol 

TI"E SERIfS AWALYSIS OF S0 4 COHCfNTRATION (STA. 0~8) 
00000160 

- - -- -------------------
UUOo0160 

- - ---- - ----------------------

"IJ-1 !.IIIIII'lIl.r',II. illn D,ll.a (Oct. 1974 - June 1978) 
~~~--------------------



L 

- -- - .---- ------------
TIHE SERIES ANALYSIS OF HA CONCENtRATION (STA. 007) Uu000160 

----------------~l~ISy'~IHi or 09S~E&_5fR ~IE~SY_-------------------------------------------_______ , 

1- 8 O.1'uOOO~ +03 0.135000£+03 0.ll5000E+03 0.130000E+03 0. 1]0000E+03 0.115000E+03 0.120000E+0 3 0 .950000r+02 
--------'99---'1.,6~~e,...., ~I)OeE_+-{)_3__i) ..-13 500 OE-+O 3-0..-l-25000f+ D-J-i) .. 120000E-+0-] -O r f ]000 Of~ 0'-i) .. 120 00 OE-TO 3-;)-.-1 1 Ol}(1 0 f-to-O}-i)-a '..,0 000h03-3---) 

~'7~:- 12~4 0.110000E+03 O.1 10000 l+03 0.8S0000E+02 0 .110~OOE+03 0. 140000 E+03 8.'40008E +~3 O.l?OOOU [+Oj 0.47~~OOE+02 
0.1500 00E .03 0.140000£+03 0.130000E+U3 0.120000E.03 0 .120000f+03 . 1l000 [. 0$ 0.12S00 UF +03 0.1300~OE.03 
0.130000£+03 0.13000~E*a3 0.140000E+03 0.140000~+03 o. 50000[+03 0.140000E+03 0.130000E+ 03 0.130000E.03 

--------~--~4H'~-..~S~O~,~1~4&6 00~O~'r6'OOE_+03~OOOO~0l-&T9~OOOE-+~T+60000~~3--------------------------------~~-----i 

Tl" E SERIES ANALYSIS OF NA CONCEUTR4TI0H (STA. 022) 

-----------~l~I~5~'~I~~6r_a6~8SfRVED Sf~1 

00000160 

1- ~ 0.122000~+0] . 19 0000c.03 0 . ll2~ 00E+~3 0.12001)0£+03 0 . 120000E+03 0 . 120000[+03 0 .120000E+ 03 0.125000[+0 
---------~9~--1'o___e.-, 2~0 0 Of-+03-;)-orl 3500 (jt:+03-0ri 30 OI.lI.lE t-O }-0.-12 5000E+ 0 3-iJ r125000f: + 0]-;). t 2000 Of.-+ 0 3-0 d 2 0000~0r-i) .-123 OOOE~3----. 

' ~- I' 8,'20000E+03 0.120aJUl+03 0.1~000UE+03 0.130000E+03 0.130000E+0 0.1 20000E +03 0.120~00F+G3 0.1Z00uu E.0 
2 2 .1 20UOOE+03 0.120000(+03 0.1~00UOE+03 0.120000E+03 0.120000E+ 0.120000E+03 ~ .12~000E+03 J.130 JOOEt0 3 
3: 0 0.130000et03 0 . 1 30000E+ ~3 0 .130000[+03 0.130000E+OJ 0.130000e+ 0.120000E+03 0.120000E+a3 0 .130~OOE+OJ 

-------.4"""---4H-S---161h'o-11-1GClIt-Oe-..'r-h-"t-l"OGOOb+O}--Or1200OOf.&T-O.-HOOO&~3-0..-+30000E" 

______ ._ -0--

TI"E SERIES AHAltSIS Of NA CO~CENIRATI0N (STA. 058) 

----------------~l~IS~1~Jh~Gr-O~8SfR~f0-5~Rlt 

00000160 

!:1~N 
?~W 1- 8 0 . 13500JE +Ol 0.125000E+03 0.1250IlUE+03 0 . 125000F+03 0.125000f+O 0 .1 2~000E+03 0.110000E+03 0.'200UO[+0 
~ -----------99--11, 66---it-6 ..... -t-1 3-it. a 00 f-+43 -e-. + 2 S 0 0 ~ E +0 ~ r1 3 00 i) I) E-+ 0-3-1)...-H 5 0 0 0 E-+ 0 3-0 r1 2 000 I> E-+ r1 1 0 0 ~ 0 £-+0 l--e...-+2 0 () 0 I) ~ () 3-0-.-1-1 0 U 0 0 ~ \13---__ 'I- i' 0.110U OOE+03 U.110000[+03 0.110000E+03 0.110000F_Ol 0.130000E+0 0.·1'3'000000UUEE-+00~3 OO.'l'23~~oUOI)EE++00i 00.·"3'00000000F(.+00 

2 - 2 0.1100 0aE+03 0.110000(+03 0.110000E+03 0.110000[+03 0.110030E+0 ~~ ~ 
3 - 0 0.125003 E+03 0.125000E+0 3 0.12501.10[+03 0 . 1250 00E-03 0.120000E*0, __ ~_. _'_'_0_0_0_0~E_+_O __ 0_. _'_'_0_0_0_U_[_+_1.I_3 __ 0_. _' _' _0_U_0_0_E_+_0 ____ _ 

-------4H---4 S e .11 ee60t-+-03~..-t-l-OOO ilt:+03- ih+cOOOOE-ri3-G..-+i50 008 03- 0 .... 30 OOOE.O~ 

TJ~r 5iRI~5 ANAl'SI~ Of ~~ CO~Cf~rHA1JO N (STA. 001) OUO('\Ji6~ 

1- ~ O ,1770~0(+U3 P .16000UE+03 J.140~UOE+03 0.14JOOOft03 U.140 1.l00E+OJ 0.lJUOOLE.03 0.13uOOOE+OJ O.115CO 
----------<9~--<'H6'r---iO~Irt-1 t~u 'O~O:t-O. 1100U"Uf-'t O~ - 0.-14 500 IIE+O 3-0.-1400 UOE-. 03- 0 .. -1600 0 Ot. OJ ., tuOilOt: .. O j-&.+I. ~OIH)~tlr-o .110,,"Ilf'-'r-v~I---- ; 

17- 242 0.120000F+03 0.120000i+~3 0.~700UUE+02 0.1 700U 3E+03 0.190000 EiOJ 0.1~UOOOl.03 O,15aQOOE+0~ 0.140JI)Oe_OJ 
25- 3 0.15UOJa~*o) 0.160000E.03 0.140000E*03 O.140000F+03 O.14000Uc+0] ~.140 ~O Jf-03 0.1~OJOI.IE. 0 3 0.160~OOE+0] 
]]- 40 n.1700aOE.Ol 0.170JOOL.03 0.170000E+03 0.17 0000[+0] 0.17000 0e+0] 0.1bOOOO[+03 0.1)0000E+03 0.13000Ui+OJ 

-------..., - '5 11")1-. Ofl"nCt~T1-jOO dllr+"O~~OItOf¥ III 0 ~1)OUOfTil3~O 0 Oclf:~O~~--------------------------

Na Concentration Data (Octo 1974 - June 1978) 
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S TAT 1ST I CAL A N A L Y SIS 

nEST PHOClOUAE 

s Y S T E ... 16:10 MONDAY. MaACH 5. 1979 
~ 

YAHlAttLE' PH 

LUC N MEAN 

8.3518S185 
6.2461H19 

FOA HOI YAAIANCES ARE EQUAL. F'. 

STD. DEY 

g:ntf~U~ 

STD EAMOA 

0.03634685 
0.03114102 

1.24 WITH ]0 AND 26 OF 

MINIMUM 

, .,0000000 
• 0000000 

MAXIMUM 

8.90000000 
8.10000000 ~ ., 

PAOR > F'. 0.5842 

YARUNCES ~ 

UNEQUAL
EQUAL 

T 

.0054 
9905 

Of PROR > ITI 
0.04.' j 
0.0514 

----------------------------.---.-----------.---------------------------.------------------- -------------------------------------
YAAIA8LE' B 

LOC N 
6058 
6061 

2 .. 
30 

MlAN 

1]6.66"1'1661 
203.33333333 

STD DEY 

148.31419841 
111.51120611 

STD EAAOA 

30.21450898 
21.46546123 

fUA HOI YARIANCES ARE EQU Al .. ; '. 1.59 WITH 23 AND 29 OF 

MINIMUM 

80.00000000 
120.00000000 

PROS> F'. 

l' 
MAXIMUM YARIANCES T Of PROA > IT. 

830.00000000 UNEQUAL -1.196. .. ).] 0.079 .. 
710.00000000 EQUAL -1.8.]4 5~.0 0.0110 

0.2357 
.--------------------------- .---.-----------------------------------.-------------------------------------------------------------
YARIABLE' F 

LOC N STO ERAOR PROI > .T, 

" 

6051 
6061 

MEAN 

0.42301692 
O.1lo931S000 

STD OEY 

0.0110)629 
0.09482582 8::UllU: 

MINIMUM 

O.JOOOOOOO 
0.50000000 

MAX I MUM 

0.60000000 
0.90000000 

YAAIANCES 

UNEQUAL 
EQUAL 

T 

-1 2 .... ,,) 
- 2.0562 1:::11 "to 

FUH HOI YAMIANCF.S ARE EQUAL. F'. 1.18 WITH Jl AND 25 OF PROS> F'. 0.1423 

---------------.------------.---.------------------.----------------.-------.-----------------------------------------------------
YARIABLE' AS 

LUC N 

60S" 
6061 

25 
31 

M[AN 

1.64000000 
l.4193C,4d4 

FOR HO. YAHIANCES ARE EUUAL. f·. 

STO DEV 

2.49799920 
1.20462899 

STD ERROR 

0.49959984 
0.2163936,. 

4.JO WITH 24 AND )0 OF 

MINIMUM 

o 
o 

MAXIMUM 

13.00000000 
6.00000000 

~AOB > F'. 0.0002 

YARIANCES 

UNEOUAL 
EQUAL 

T 

-1.4315 
-1.">J24 

Of PAOA» I TI 

0'1 617 
O. 3 J 



, 
. -~- .,- .~ 

S TAT 1ST I CAL A N A L Y 5 I S 

TTEST PROCEDURE 

S Y 5 T E M 14'16 MONDAY, MAACH 5, 1919 

VARIABLE' MOLY 

LOC N MEAN 

6.1111711, 
11.1692307 

fOR HO. VARIANCF.S ARE EOUAL. fl. 

STO DEV STD ERROR 

t::~unn f:lnna~l 
1.05 WITH 12 AND 8 Of 

I'HN I MUM 

~:gggggsXg 

MUIMUM 

2X·00000008 
2 .0000000 

PROD> fl. 0.9185 

VARIANCES T Of PROR. ,,, 

UNEQUAL -X.1044 
EQUAL - ,1012 I':: I:::t~ 

----------------------------.-----------------------------------------------------------------------------------------------------
VARIABLE' 504 

LOC N MtAN STD DEV STD ERROR 

605f 231 334.81481481 23.59438825 4.54014214 
606 l 30~.24242424 48.1359148] 8.48]83381 

fOR HOI vARtAHers ARE EQUAL, fl. 4.21 WITH 32 AND 26 Of 

MINIMUM 

290.00000000 
190.00000000 

MUIMUM 

J90.00000000 
J90.00000000 

PR08 > ft. 0.0003 

VARIANCES 

UNEQUal 
EQUAL 

T 

3.1112 
2.9828 

Of PAoa. ITI 

4~.1 I'OOZ. 
5 ... 0 .0042 

----------------------------.---.---------------------------------------.---.-----------------------------------------------------
VARUBLEI NA 

LOC N 

6058 ZJ 
b061 33 

MEAN 

116.66666661 
141.81818182 

5TD DEV 

8.32050294 
2~.10634150 

STD ERROR 

1.60128154 
4.3008223" 

fOR HOI VARIANCES ARE [QUAll fla 8.82 WiTH 32 AND 26 Of 

MINIMUM 

110.00000000 
91.00000000 

MAl I MUM 

130.00000000 
90.00000000 

PR08 > fl. 0.0001 

VARIANCES 

UNEQUAL 
EQUAL 

T 

-6.1819 
-6.?594 

PAeM • ITt 

: • 0011 .000 

----------------------------------------------------------------------------.-----------------------------------------------------
VARUBLEI NH3 

LOC N 

6058 
60bl 

25 
3J 

ME.AN 

0.03160000 
11.05030303 

fOW HOI VARIANCES ARE EQUAL, fl. 

STU DEV STD ERROR 

0.02882129 0.00516426 
0.05329663 0.00927775 

3.42 wiTH 32 AND 24 Of 

MINIMUM MUIMUM 

o 0.09000000 
o 0.22000000 

PR08 > fl. 0.0027 

VARIANCES 

UNEQUAL 
EQUAL 

T 

-1. 7123 
- .~8~6 

Of PROtI. 'TI 
0.09l9 
0.1185 

----------------------------------------------------------------------------------------------------------------------------------. 
VARIA8LE' SPECCOND 

Loe 

6058 
b061 

N MEAN 

1151.66666«161 
305.00000000 

STD DEV 

78.36060627 
IbO.)Qc,)Sc,)090 

STO ERROR 

15.08050511 
27.92203102 

fOR HOI V4HIANCFS AHE E.uUAL. Fe: ~.Iq wiTH 32 AND 26 OF 

MINIMUM 

1050.00000000 
875.00000000 

MAlIMUM 

'

400.00000000 
5<;0.00000000 

PROR > fl. 0.0004 

VARIANCES 

UNEQUAL 
EQUAL 

T 

-t·"806 
- .5787 

Of PAD" • IT, 
1.1993 
0.1198 

1 



VARU8LEI lOS 
LOC N MEAN 

un ~i 88~.8R9~OOOO 90.to 0000 

fOR HOI VAR'ANCfS ARE EQUAL. 

CD 
(]'IN 
CD'-J 

S TAT 1 S TIC A LAN A L v SIS 

TTEST PROCEDURE 
5 V 5 T E " 

STD OEV STO ERROR "'NI"U" "U'HUH VARIANCES 

39.+8iU67~ l'931l59)~ 792.00000000 945.00000000 UNEQUAL 111. 8 50 19. 60 809 584.00000000 1080.00000000 EQUAL 
f·. 8.14 WITH 31 AND 24 Of PROA > ft. 0.0001 

14116 "ONDAV. "lRCH 5. I.'. 2 

T 0' PAOe > IT 1 

-A·0259 40.2 g:~~l! - .9)03 5-;.0 



STATISTICAL ANALYSIS 
TTES T PHOC(OURE 

5 Y S T E 1'4 1131 TUESDAY, Ff.RRllARY 27, 1979 

VARUHLE' PH 
LOC N 

6022 
6061 

MEAN 

8.20925926 
8.24617419 

STO OEV 

g:n~Y~U~ 

STO ERROR 

0.0358094] 
0.03114102 

MJNI'4UM 

7.80000000 
7.700000()0 

MUIMUM 

8.60000000 
8.70000000 

VAAIANCES T 

UNEQUAL -0 1211 
EQUAL -0: 71 SO 

OF PR08 > ITI 

5~.n 0.4139 
St. .O 0.411" 

f OR HO. VARIANCES A~E EQUAL. Ft. 1.28 wITH 30 AND 26 OF PAOR > Ft. 0.5323 ----------------------------.--------------------------------------------------------------------------------------.-----------.--
VARUBLEI e 

LOC N 

:8n ~~ 

MEAN 

89.54545455 
203.33333333 

STD DEV 

26.09091663 
117.511Z0611 

STO ERROR 

5.56260Z12 
21.46546723 

MINIMUM 

70.00000000 
120.00000000 

MAX IMUH 

ZOO.OOOOOOOO 
170.00000000 

VARIANCES T 

UNEQUAL -5.1315 
EQUAL -4.44AR 

OF PROf! > I Tt 

32.8 0.0001 ' !'\O.O O.OCiO 

FOR HOI VARIANCf.S A~E EQUAL, F'. 20.31 W2TM 29 AND 21 DF PRoe > Ft. 0.OU01 ----------------------------------------------------------------------------.--------------------------------------.-----------.--
VARUBLE' F 
LOC N MEAN 

0.21401401 
0.t.815 0000 

STO DEV STO ERROR 

g.Ol37 0 411' .0 1819bo 

MINIMUH 

g.ZOOOOOOO 
.50000000 

HAX IMUM 

8·50000000 .qooooooO 

VARIANCES 

UNEQUAL 
EQUAL 

T 

-18.3906 
- 7.Ab8 3 

OF 

55.4 
51.0 

PROS ~ I TI 

8:gggl i-
FOR HOI VARIANCFS AHE EQUAL. ft. 2.00 WITH 31 AND 26 OF PRoe > ft. 0.0142 
-------------------------------------------------------------------------------------------------------------------------------.--
VARUBLE' AS 

l OC N Mf.AN STO OEV STO ERROR MINIMUM MAX IMUM VARIANCES T OF PROII > ITI 

, Oll ZZ 1.13636364 0.46156Z53 0.09968467 0 2.00000000 UNEQUAL -5.5131 41.4 0.0001 ~ 

06 1 3 1 c.451b}l90 1.206h1260 0.21611402 0 b. OOOOOOOO EQUAL -4.A491 51.0 o.onol 

:;O OR HO. VA~ UNCf.S ARE E'WAL. f·· 6.66 WITH )0 AND 21 OF PAOA > Ft. O.OOO} 



S TAT 1ST I CAL A N A L Y SIS 

TTEST P~OCEOURE 

S Y 5 T E 11 14111 MONDAY, MAACH 5. 1919 

VAH 1A8LE I MOL Y 

LOC N "'EAN 

,~ 
FOR HOI VARIANCFS ARE EQUAL. F'. 

STO OEY 

5.eOS11011 
6.6100157 

STO ERAOR 

2.59615100 
1.83328851 

1.]0 wITH 12 AND 4 OF 

I4INIMUM 

1.00000goo 
2.00000 00 

MAXIMUM 

15.0000000g 
20.0000000 

PHOB > F'. 0.8114 

VARIANCES 

UNEQUAL 
EQUAL 

T 

:t:nl~ I:un 
----------------------------.------.--------------------------------.------------------------------.---------------------------.--
VARlA8LEI 504 

LOC N 

60ll 2e 
6061 3l 

MEAN 

]63.21428511 
]h.24242_24 

STO OE:V 

19·2'i5]1604 
48·13591483 

STO ERROR 

3.6]891269 
A.48311]381 

FOR HO. VARIANCFS A~E [OUAL. F'c 6.41 wiTH ]2 AND 27 OF 

MINIMUM 

)20.00000000 
190.00000000 

MAXIMUM 

400.00000000 
)90.0000(1000 

PROH > F'. 0.0001 

VARIANCES 

UNEQUAL 
EQUAL 

T 

6.)""2 
6.0110 

Df' 

4).1 
50.0 

PAGe ~ ITI 

,.00'1 
'.000 

-------.-------.------------.---------------.-----------------------.---.---.----------------------.------------------------------
VAR IABLE I NA 

LOC N "EAN 

6027 28 119.42857143 
6061 33 \41.Rlijl f1 1'1 7. 

FOR HOI VARIANcrs ARE lUUAl. 

VAR IABlE I NH] 

LO( 

60lZ 
6061 

N 

24 
33 

"tAN 

U.02708))] 
U.05030]03 

STO OEV 

~9.44)OH50 
4.10634350 

F':o: 1.61 WITH 

STt) OEV 

0.02110)5] 
0.0'>329663 

STO ERROR 

].614]8890 
4.30082236 

32 A~O 27 OF 

STO ERROR 

0.0055]249 
0.00927175 

FOR HOI VARJANCr.S ARE EOUAl. F'z 3.87 wITH ]2 AND Z] OF 

MINIMUM 

24.00000000 
91.00000000 

P~OA > F'. 

MINI~UI4 

o 
o 

MAXIMUM 

1)0.00000000 
190.00000000 

0.2074 

MAXIMUM 

0.10000000 
O.lZOOOOOO 

PROR > F'. C.OOll 

V.AhNCES T 

UNEOUAL -5.0)88 
EQUAL -4.~ 14 

VARIANCES T 

UNEQUAL -2.1496 
FOUAl -1.~5'il 

OF PAOA • ITI 

5".1 g.OO'} 50.0 .000 

OF PAO,,:) I Tt 

51'.0 0.0)65 
5<;.0 0.0551 

----------------------------.---------.------------.---.------------.---.---.-----------------------------------~-----------------
VAAI.BLEI SPEC(ONO 

lOt N .. tAN 

60ZZ 
6061 

28 
33 t 11].21428571 

10~.00000000 

STO OEV 

44.89110810 
lM.3Q9lt9090 

STO E~HOR 

8.48]6221Z 
Z7 .9220)70Z 

FOR HOI VA~IAN(FS ARE fOUAl. F'. lZ.77 WITH )2 AND 21 OF 

MINIMUM 

1200.00000000 
A75.(l0000000 

MAXIMUM 

1]80.00000000 
15C;C,.00000000 

~~OR > F'~ U.OOOI 

VARIaNCES 

UNEOUAL 
EOllAl 

T 

0.2815 
0.Zt.21 

OF 

)1.8 
~9.n 

PAOA > ITt 

0.1199 
0.1941 

1 



VARUBLE' TOS 
LUC N MEAN 

tlif it 91806Xn4zg6 CJ 5.6 00 0 

fOR HO, VARIANCES ARE lOUAL. 

5 TAT 1ST I CAL A N A L Y 5 I 5 

TTE5T PROCEDURE 

5 Y 5 T [ N 

STD DEY STD ERROR MINIMUM MAX I MUM VARIANCES 

4roJOn05i6 9.'904Z45~ 703.00000000 968.00000000 UNEQUAL 
11 ." 95 9 19. 60)80Q 584.0000()000 lOAO.OOOOOOOO EQUAL 

f·· 5.40 WITH 31 AND Z7 Of PAOe > f •• 0.0001 

1.'11 MONOA~. MARCH 5 ••• ,. 2 

T Of' PAOA ~ ITI 

0.~960 
O. 669 U:i ::llU 



VARIABLE I PH 
LOC H 

6011 28
1 6061 3 

HE.AH 

8.26964286 
8.24617419 

fOR HOI VARIAHers ARE EQUAL. fl. 

5 TAT IS' I CAL A HAL V SIS 5 V 5 , E H 
TTEST PROCEDURE 

'1]0 TUESDAV. fE~RUAAV 21. 1919 

5TD. DEV STD ERROR 

I:IUUUJ 
1.55 ~ITH 3. AND 21 Of 

MIHIMUM 

1.90000000 
1.70000000 

MAXIMUM 

8.10000000 
8.10000000 

PR08 • fl. 0.249ft 

VARIANCES 

UNEQUAL 
EQUAL 

Of" 

56.2 
51.0 1:2:n 

----------------------------.-----------------------------------------------------------------------------------------------------
VARIABLEI B 
LOC H M[AH STO MV STD ERROR 

6'" Zl 199.56521139 35.'6315669 1 •• ,,98510 
.061 30 lO].333))J]) 117.51120611 21.46546123 

fOR HOI VARIANCES ARE EQUAL. Fl. 10.15 WITH 29 ANO 22 Of 

MIHIMUM 

l lO •• " .. ". 20.00000000 

MAX I HUH 

250 .... " ..... 
170 .... 00000 

PRoe • fl. 0.0"1 

VARIANCES T 

UNEQUAL -"1658 
[QUAL -0. 412 

Of" 

~.8 
51.' 

PAOfI • ITI ..... , 
•• fU,28 

---------------.--------------------------------------------------------.------------------------------------------------------.--
VARUBLEI F 
LOC H 

.001 
6061 

1 •• 2142851 
0.6A750000 

fOR H'I VARIANCF.S APE EQUAL. fl. 

STO OfV STO fRROR 

8:un:~n 8:1l7ltt:: 
4.04 WITH 21 AND ]1 Of 

MINIMUM 

0.6.000000 
O.SOOOOOOO 

MAXIMUM 

1.100000 .. O.caooooooo 
PMOR • f·. 0.00.] 

VARIANCES 

UNEQUAL 
[QUAL 

T 

1.910. 
8.l409 

1".4 s,..o 

----------------------------.---.-------------------------------------------------------------------------------------------------
VARlA8LE I AS 
LOC 

6001 
6061 

MfAH 

2.6lS00000 
l.45161l90 

fOR ~Ol VAAIANCES ARE EQUAL. fl. 

STU OEV 

0.16966961 
1.20661260 

STD ERROR 

0.15110815 
0.21611402 

Z.4~ ~ITH 30 ANO 21 Of 

MINIMUM 

1 •• 00 .... 0 
0.00000000 

M.XIHUH 

4 .... 00.00 
6.00000000 

PN08 • Fl. 0.0294 

VARIANCES 
UNEQUAL 
EQUAL 

T 

0.641. 
0."1l1 

Of" PAOlI. I TI 

51.3 '.5l'l 
51.1 '.5423 

I 



VAR U8LE I MOL Y 

LOC N MEAN 

t81I 
fOR HO. VARIANCES ARE EQUAL. F'. 

5 TAT I 5 TIC A LAN A L Y 5 I 5 

TTE5T PROCEDURE 

S Y S T E M 

5TO. O£V STO ERROR 

1.7J WITH 12 AND 8 OF 

MINI""M 

... 00000000 
2.00000000 

20.00000000 
20.0000nnoo 

PR08 > f •• 0.4421 

VARIANCES 

UNEQUAL 
EQUAL 

141'" MONDAY. MARCH 5. I.'. 

T 

I:~:U 

----------------------------------------------------------------------------------------------------------------------------------
VARU8LE' S04 

LOC N MEAN 5TD OEV STD ERROR MINIMUM MAJlIMUM VARIANCES T OF PROB • ITI 
6801 Z8 166.07142851 19.501051J9 3.68535231 1 .. 0.00000000 210.00000000 UNEQUAL -1 4 •• 37• 4]." 0.0'11 6 61 33 04.24 42424 48. 1)591483 It.48J83)8 90.00000000 390.00000000 EQUAL - 4.0629 50.0 0.00 

fOR HOI VARIANers ARE [QUAL. F'a 6 .25 WITH J2 ANn 21 Of PROH > f·. 0.0001 
----------------------------------------------------------------------------------------------------------------------------------
VAHUBLEI NA 

LOC N 

tUI ~~ 

MEAN 

121.18511429 
141.8181"182 

STU DEV 

23.52989168 
24.10634)50 

STO ERROR 

...... 61]269 
4.30082236 

fOR HOI VARIANCES ARE EQUAL. fO. 1.10 WITH J2 ANn 21 OF 

MINIMUM 

41.00000000 
91.00000000 

MAl I MUM 
160.00000000 
190.00000000 

PR08 > F'. 0.8019 

VARiaNCES 

UNEQUAL 
EQUAL 

, 
-4.2081 
-4.1910 

PROA • IT! 

0.0"1 
0.00' 

-------------------------------------------------------------------------------------------------------------------------------.--
VARIABLEI HHJ 

LOC N H[AN STU OEV 5TO [RROR MINIMUM MAl l'4UM VARIANCES T Of" PROA > ITI 
M07 Z6 0.0 •• 61~38 0.04 )9100 I 0.00861538 0 0.11000000 UNEQUAL -0.4.92 st. •• 0.6S5. 
6061 3] O.050)OJ03 0.01))2966) 0.00921115 0 0.22000000 EQUAL -0.4390 5/.0 0.6623 

fOR HOI VARIANCFS ARE [QUAL. fl. 1.41 WITH 32 AND 25 OF PR08 > f·. 0.3229 
-----------------------.----.-----------------------------------------------.-----------------------------------------------------
VARIA8LEI SPEC CO NO 

LOC 

6001 
6061 

N 

28 
J] 

"tAN 

1041.12142851 
U~.oOOOOOOO 

STU IlEV STO [RROR 

1~~:1U~:~U n:'9un~~ 
FOR ~Ol VARIANCrS ARE EQUAL. fOE 2 •• ' WITH 12 aNn 21 OF 

MINIMUM MAl I MUM 

825.00000000 1150.00000000 
~1S.00nOoooo 550.00000000 

PROR > f •• 0.0190 

VARIANCES T OF PROA > ITI 

UNEQUAL -7.5918 
EUtJAL -1.J2~1 

5~.0 0.0'11 SQ.O 0.00 

1 



VARIABLE' TOS 
LOC N ~EAN 

600T 
606 ~~ '9O.607!~286 5.681 0000 
FOR HO. VARlaHcrs ARE [QUAL. 

5 TAT 1ST I CAL A HAL Y 5 I 5 

TTE5T PROCEDURE 
5 Y 5 T E " 

STO OEV STO ERROR HIHI"",M MAXIMUH VARlaHCES 

U·t9168032 1~·'Z2·06·f 528.00000000 821.0000!)OOO UHEQUAL 1 • It 5 5 09 9. 603809 58 •• 00000000 10AO.00000000 EQUAL 
F'- 2.27 WITH 31 AHD Z7 Of PAOH » F'_ 0.0315 

T IW PAOtII » IT I 
-9.l19] ~4.1 1:::11 -9.0.19 ".0 



YARIABLEI PH 

LOC N 

STATISTICAL A N A L Y SIS 

TTEST PROCEDURE 

S Y S T E M 16109 MOHOAY, HaACH 5, 1979 I 

VaRIANCES T Of PRO" > I TI "lAN 
tt.269e,.~6e, 
tI.351~ " 185 

STO DEY 

0 • . \ 68511, 1 
0.1'49863 5 

STD ERROR 

0.03184510 
0.03634685 

MINIMUM 

1.90000000 
It.OOOOOOOO 

MAXIMUM 

8.10000000 
8.90000000 

UNEQUAL -1.1012 
EaUAL - .1048 ~\:: I::::t t 

fOR ~Ol VARIANCES ARE EQUAL, fP~ 1.26 WITH 26 AND 21 OF 
-------.--------------------.--- ---------------------------.-----------.----------------------.-------------------------------.-. 
VARIABLE I B 

LOC N 

60n 
6058 

I1E.AN 

1'9.565?1139 
36.66666661 

STO DEV 

35.86315669 
148.314 qA41 

STD ERROR 

1.H198510 
30. 2h508~" 

'OR ~Ol VAAIANC£S ARE EaUAL, F'. 11.10 WiTH 2] aNO Z2 OF 

MINIMUM 

110.00000000 
8(1.00000000 

MaXIMUM 

250.00000000 
830.00000000 

PWOB > F'. 0.0001 

YARIANCES 
UNEQUAL 
EaUAL 

T 

2.0170 
1.91"4 

0' PA08 > ITI 

~~:: l:n:I" 
----------------------------.---.-------------------------------.--_.---.---.-----------------------_.;----------------------------
YARIA&LEI f 
LOC N 

6001 
605A 

MEAN 

1.OZI4ZltS} 
0.42301b92 

fOM ~Ol YAAIANCFS ARE EOuaL, F'. 

STD DEY 

0.20249163 
0.0710]629 

STD ERROR 

0.03826846 
0.01193136 

8.13 WiTH 21 ANO 25 OF 

MAXIMUM 

0.60000000 1.]0000000 
0.30000000 0.60000000 

PMOS> ft. 0.0001 

YARlaNCES 
UNEQUAL 
EQUAL 

T 

1-·69Z
] 4.26~1 

D' 
]4.0 
5~.0 

PROR > IT! 

:
.0001 
.1'00 

----------------------------.---------------.------.-------------------------------------------~----------------------------------
VARI~elEI as 

LOC N MLAN STO DEV STO ERROR MINIMUM HUIMU" VARiaNCES T 0' PACM > ITI 

6001 ~~ 2.62500uOO 0.16966'i6A 0.151~08l5 &.00000000 4.0tlOOOOOO UNEQUAL 1·"8 " 2".7 0. 0111 ~ 
1I058 ~.6.000000 2.4Q79991 0.499 ~9 4 .00000000 )].oooonooo EaUAL ."."1 47.0 0.01 

FOR ~Ol YAH lANCES ARE fUUAL, Ft. 10.5] WITH 24 a'~t) 23 OF PRoe > Ft. O.OOlil 



S TAT 1ST I CAL A ~ A L Y SIS 

TTEST PRO~EDUA£ 

S Y S T E 11 14.13 MONDAY, MaRCH 5, 1979 

VARIA BLE I MOL Y 

LOC N 

6807 99 
6 5A 

FOR HOI VARIANCES ARE EQUAL. F'. 

STO OEV 

5.01940618 
6.45712354 

STO [ft;<OR 

):tUH~~T 
1.65 WITH 8 ANO 8 OF 

MINIMUM 

4.00000000 
2.00000000 

MAl I MUM 

20 •• ""'" 20.0"oeooo 

PR08 > F'- 0.4920 

vaRiaNCES 

UNEQUAL 
EQUAL 

T 

1:ltU 
PAOA • III 

•• 8727 
o •• n~ 

----------------------------.---------------------------------------.----------------------------------------------------------.--
VARUBLEI 504 

lOC tl MEAN STO OEV STO [ARO HINIMUM M&JtIMUM vaRIANCES T OF PR08 • III 

6007 ~, 166.07141857 19.50105lJ9 J. 685lSlf l )40.'0000000 2' ••••• 0 •••• ~QUAL -28.1'54" 5n.5 ••• 0', 
*>058 3)4.8148 481 ).~9438825 4.540 4 4 90.00000000 ) 0 •• 0000 •• QUaL -2".955] 5'.0 0.000 

FOR HOI VARIANCES ARE EQUAL. F '- 1.46 WITH 26 AND 21 OF PROR > F'_ 0.Jl09 

--------------~-------------------------------------------------------------.--------------------------------------------------.--
VAAla3LEI NA 

LOC N 

6001 ,8 
bOSA 21 

HEAN 

121.78571,29 
Ilb.6M,66h67 

STO OEV 

23 .52919161 
8.32050294 

STO ERROR 

... "467Jf69 
1.60128 54 

FOR HOI VARIANUS A~E EQUaL. f·,. 8.00 WITH 27 AND 26 OF 

MINIMUM 

47.00.00 •• 0 
110.00000000 

MAJlIMUM 

IU:gggggggg 
PROS> f •• 0.00'1 

VARIANCES 

IJNEQUAL 
[QUAL 

T Of' PAOA» I TI 

1:I:n ~~:: B:n:~ 

----- ---------~------ ~----------------------------------- -------------.---.--------------------------------------------------.--
VARIABLEI NH3 

LOC H 

6007 26 
~05a 25 

~E.tl 

0.04461~38 
0.03160000 

fOR kOI VARI A~CfS AR~ EQU~l . F' . 

STO DEV 

0.04J9J001 
0.02"A2129 

STO ERROR 

0.008615]8 
0.005764"" 

2.J2 WITH 25 AND 24 OF 

MINIMUM 

o 
o 

MAJlIMUt4 

0.110000.0 
0.09000000 

VARIANCES 

UN£QUAL 
[QUAL 

T 

1·1556 
.i'4S6 

OF PRO"» ITt 

.. ,.) 0.21 60 
4Q.O O.~ 88 

-------~--- ------~--- -- -- -------------------------------.-------.-------.-----------------------------------------------------
VAHIABLF.: SPECCONO 

lOC N "tAN 

6U07 28 l041.J2142H57 
60~8 21 1?51.666h~661 

S H) (lEV 

102 ·11179551 
18.3Mb062? 

STO ERROR 

19.29131549 
5.08050571 

YUH Hnl VAHIANCfS ~ME tuUAl. F': 

<Ow 

1.10 WITH 27 AND 2b OF 

0'> l., 
0'> 

MINIMUM 

825.00000000 
1050 .00000000 

MAX I MUM 

1250 .00000000 
1400.00000000 

PROR > f.,. 0.1811 

VARiaNCES T 

UNEQUAL -8.)437 
EQUAL -8.JO~8 

PROA > ITI 

•.• 001 
0.000 

I 



L 

VAt( I nElll:,: t"U 

LuC ~ HEAN 

~:)O7 :!6 8. :..!696" ::!8o 
60~::? 27 8.::!Ov:!J9_o 

FU,; 110: VARIANCES fI~E [uUAL, 

V(,I, J " lJLE: (t 

lJl.. 

,-..00/ 
.!. O:!:: 

N 

:!3 

HEMI 

199.S';5::!1739 
89.54545 45::' 

snJ (I[V 

0.16U::'1161 
00186071:!4 

F' ; 1.::!::! WIIH 

STD DEV 

35.86315669 
26.C9091663 

~ llJ ERfWR 

O.OJlIHJ70 
0.03 ... U0943 

.~ . 
_0 AND :!7 DI-

STlI ERROR 

7 .47798510 
5 . 56260212 

f W ' 110 : VAf\: I ANClS ARE ruUHL, F' =- 1.89 WITH ::?::? ANO 2 1 1IF 

V"I , I .. lil t : F 

LOt; N M[AN SUI DEV STD ERROR 

6u01 :!EI 1.02142E157 0.20249763 0.03B:!b846 
lo0:!:! 27 0.27407407 0.07121253 0.01370486 

.-Uk lie: VARIANCES ARE EDUAL, F'- 8.09 WITH 27 AHD 26 ltF 

VnRJ~liLE: AS 

LOC N HEAN STD DEV SID ERROR 

6007 24 j? " ~S~990 9·7"'1~~"6' 9·J~n081:5 
6 0:!:!, . 22 1.1 6 a6~ 0 .... '~25J 0.09968"67 

I. , , ' . t "It · 

I UI\ 110 : VARIANCES ARE EQUAL, F '= 2.71 WITH 23 AHD 21 (jf' 

7.'Iv00vvvv 
7.IJ,)0'hH/vv 

tI.7')OOOOOO 
0.0,,00000,) 

t'kuu 1- ' V.6U6 

nlrUIlU/. /'tAX H.LM 

IJu.vvv\)0vvv ": ~iO • 000vvvOv 
7v.Ou00vvvO :!OV .Oov(ivOOv 

f'RLI& F' - v .l ::iO::! 

MINIMUM MAXIMUH 

O. bO uovOOO I.JOOOOOOO 
0. 20000000 0.50000000 

PROfj "> I- '- 0.0001 

HINIHUH HAXI HUH 

1.00000000 4.00000000 
0.00000000 2.00000900 

f'ROfj , F' =- 0.0250 

I.' .. f .. lAtICES 

U,4EOU.\L 
LuUriL 

w.e. I AftLE.S 

Urd:.QUHl 
luUAL 

VARIANCE~ 

UNEQUAL 
EDUAL 

VAR IANCES 

UNEPUM .. 
EOUAL 

T 

1.2601 
1.::!424 

11.lJ041 
11. 7::!::!J 

T 

111. JIJ58 
18.1221 

T 

8.0006 
7.8384 

5~.0 v.::!lJJ 
53.0 O.~1 :? 3 

111- 1''-':011 " ,. ,--
40.::! O.OOOle 
4J.0 0.0001 

lIF PR08 )- -T-

33.8 0.0001 • 
53.0 0.0001 

DF PROD :> -r 

J8.4 O.OOOla 
44.0 0.0001 



VARIABLE' TOS 
l OC 

600" 
60~J", 

N "[AN 
680.601Hl86 
"1'3.88000000 

S TAT 1ST I CAL A N A L Y 5 I 5 
TT[ST PROCEDURE 

5 Y S T E " 

S'O OEV 

14.19960032 
39. 1'519615 

5TD ERROR 

H.OZZ4064Z 
7.837159)0; 

MINIMU" 
528.00000000 
192.00000000 

MUIMUM 

821.00000000 
945.00000000 

VARIANCES 
UNEQUAL 
EQUAL 

fOR HO. VARIANCES ARE (QUAL. F'. 3.59 WITH 21 ANO 24 OF PROS> f •• 0.0023 

14.0J MONOAY. MARCH 5. 1979 

T 

-IZ.6540 
- 2.2490 

Df' 

41. 9 
5 .0 

PRO" ~ IT I 

1:1111 

2 



VAR IABLE 1 MOL Y 

LOC Mt.AN 

fOR HO. VAAIANCES ARE EQUAL. ft. 

5 TAT 1ST I CAL A N A L Y 5 I 5 

TTE5T PROCEDURE 

5 Y 5 T E M 

5TD OEV STD ERROR 

1.34 WITH 4 AND 8 Of 

MINIMUM 

4.00000000 
1.00000000 

MAX IMUM 

20.00000000 
15.00000000 

PROD> F'. 0.6113 

VARIANCES 

UNEQUAL 
EQUAL 

13139 MONOAV. MARCH 5. 197. 

T 

0.7842 
0.1'203 

OF PRO .. ~ I TI 

7.4 0.4574 
1".0 0.4281 

----------------------------.---.-----------------------------.-----.---.------------------------------------------------------.--
VARIABLE' S04 

LOC N MEAN STD DEV STD ERROR MINIMUM MAXIMUM VARIANCES T Of PROe ~ ITJ 

6807 6 22 n !66.0714~851 
63.2142 511 19·3010Sp9 9. 5531 04 ).68535~3' .63A91 6 

140.00000000 2AO.00000000 UNEQUAL -38.0648 ~4.0 l:gUI 320.00000000 4 0.00000000 EQUAL -31'.06411 4.0 

fOM HO. VARIANCES ARE EQUAL. ft. 1.03 WITH 21 ANO 21 OF PIWB > ft. 11.9419 
--------------------------------.-----------------------------------.-------.-----------------------------------------------------
VARIABLE. NA 

LOC N 

6001 28
8 6022 2 

MEAN 

121.78511429 
119.42851h3 

STU OEV 

23.52989168 
19.44303850 

STO ERROR 

4.44673269 
3.614311890 

fOR HO. VARIANCrS ARE EQUAL, fl. 1.46 WITH 27 AND 27 Of 

MINIMUM 

41.00000000 
24.00000000 

MAXIMUM 

160.00000000 
30.00000000 

PRoe > Ft. 0.3214 

VARIANCES 

UNEQUAL 
EQUAL 

T 

0.4086 
0.40A6 

PROR ~ Itt 

'.6845 
0.61144 

----------------------------------------------------------------------------------------------------------------------------------
VARIABLE' NH3 

LOC 

6007 
6022 

N 

26 
14 

MEAN 

0.04461538 
0.0210A333 

fUM HO. VAAIANCE$ AAE [QUAL. rt. 

STO DEV 

0'g439 3001 
O. 2110353 

STO ERROR 

0.00861538 
0.00553249 

2.63 WITH 25 AND 23 Of 

MINIMUM 

o 
o 

MAX IMUM 

0·t7000000 
O. 0000000 

PRoe > Ft. 0.02Zft 

VARIANCES 

UNEQUAL 
EQUAL 

T OF PRO" ~ IT 1 

I:UU 4~.1 0.094l 
.".0 0.099~ 

----------------------------------------------------------------------------------------------------------------------------------
VARIABLE' SPECCOND 

LOC N MEAN 

6007 
6022 

STU DElI 

IOZ.11119551 
U.89110tt10 

STO ERHOR 

1'1.29131549 
11.48162212 

FOR HO. VAAIANCF.S AHE [QUAL. Ft. 5.11 WITH 21 AND 21 Of 

MINIMUM 

825.00000000 
lZ00.00000000 

MAX ~MUM 

1250.00000000 
1380.00000000 

PRO" > ft. U.OOOI 

VARIANCES 

UNEQUAL 
EQIIAL 

T 

-1 2•6 136 
- 2.6 36 

Of 

37.1 
54.ft 

PRO" ~ IT 1 

0.0001 
0.000 

1 



VARIABLE. TOS 

LOC N ""EAN 

S TAT 1ST I CAL A N A L Y SIS 

TTEST ~ROCEOU"E 

STO OEV 

S Y S T E 14 13:39 MONUAY. MaRCH 5. 1979 

1~:I~~88~n 
STO ERROR 

14.02240642 
9.09042453 

MINII4UM 

528.00000000 
703.00000000 

MAXIMUM 

827.01l0CGOOO 
96c;.00000000 

VARIANCfS T 

UNEQUAL -14.2420 
EQUAL - 4.?420 

OF PROR > ITt 

~::~ 8:ggSI 
fOR MO. VARIANCES ARE EQUAL. f': 2.38 WITM 21 ANO 21 Of ~ROB > ft. 0.0279 

2 



L 

ItARIABLEI PH 

LOC N MEAN 

S TAT 1ST I CAL A N A L Y SIS 
lTEST PROCEDURE 

STI) OEIt STO ERROR MINIMUM 

S Y S T E M 16109 MONDAY, MaACH 5, 1919 1 

MAXIMUM VARIANCES T Of' PAD .. > ITI 

tX~, it l-zoTz 59z6 0.186071'. 0.0)580941 1.80000000 8.60000000 ~EQUAL -2.19.6 t~:: o.IOU-.15 85185 0. 18886 5 0.0 63.685 8.0000nooo 8.90000000 QUAL -2.19.6 0.01 

FOR HOI ItAAIANCF.S ARE ~QOAL, F'. 1.0] "ITH 26 AND 26 OF PROB > F'. 0.9400 
---------------.------------.---.-----------.---------------.-.----_.---- --.----------------------.---------------.--------------
ItARUBLEI e 

LOC N MEAN STO DEIt STO ERAOA MINIMUM MAXtMUM vaRIANCES , Of' PAoe > tTl 

::U n 89.5.545455 Z6.0909,661 5.56260212 10.00000000. 200.00000000 UNEQUAL -1.5]08 2 •• 5 '.p86 
136.6666f>661 148.3141 84 ]0.21450898 80.000noooo 830.00000000 EQUAL -1.46"2 44.0 O. 492 

FOR Hil ItARIANCES AHE lOUAL, Fl • lZ.]l "ITH 23 AND 21 OF PRoe > F'. 0.0 01 
. ---------------------------.---.-----------.-----------.-------.---.-------.- ------------------------------------.--------------
ItARUBLE I F 
LOC N MEAN 5'0 OEV STO ERAOR MINIMUM MAXIMUM ItAAlaNCES T Of' PROfl > tTl 

::U U 0.21401401 0.01IZ!Zl3 O.Olfo• 16 o.~ooooooo 0.50000001 UNEQuAL -1.62.6 50.9 1:1::1-0.42)01692 0.01 0 6 9 0.0 93136 O. 0000000 0.6000noo EQUAL -7.6242 51.0 

FDA HOI VARIANCES ARE EQUAL, Fl. 1.00 "ITH Z6 AND 25 Of" PAOR > fl. 0.9922 
---------------.----.-------.---.-----------.---------------.-----------.---------------------------------------------------------
VAAUBLEI AS 

LOC N Mt.AN srD OEV S1D EAAOR MINIMU'4 MAXIMUM VA-'UNCES T Of" Ptt08 • ITI 

6022 n 1.13636]64 0.46156Z~~ 0.09968461 0 i·OOOOOOIl UNEQUAL -0 •• 886 2 .... ::nn 6058 .64000000 2.49'999~ 0.499599"4 0 1 .00000000 EQUAL -0.930} .... 0 

fOR HOI VARIANC£S ARE EQUAL, F'a 28.5. "ITH 24 ANO Zl Of PROtt > F'. 0.0001 



S TAT 1ST I CAL A N A L Y SIS 

TTEST PNOCEDUNE 

S Y S T E M 14109 MONOAY. MaRCH 5. )979 

VARIABLEI MOLY 

LOC N MEAN STD OEV STD ERROR 

!:"'''¥9X ~:=~~U~~! ~:r~~nl~f 
fOA HOI VARIANCES ARE [QUAL. f •• 1.24 WITH 8 AND 4 OF 

MINIMUM 

1.00000000 
2.00000000 

MAXIMUM 

15.00000000 
20.00000000 

PROH ~ f'. 0.8931 

VARIANCES T OF' PAOR ~ I TI 

~5~AL :g:~:t2 1~:' I:UU 
--------------------------------.-------------------------------------------------------------------------------------------------
VARiABLE I S04 

LOC N Mt.AN STD DEV STO ERROA MINIMUM MAXIMUM vaAIANCES T OF PAD" ~ IT I 

:I~i 19 363.21428511 19.25531604 3.63891269 320.00000808 408.00000000 UNEQUAL 4.8805 5a., 1:1111 334.8 48148 3.5943 825 4.54074214 ?90.00!)00 0 39 .00000000 EQUAL 4.1'981 53. 

FDA H.i vARIANCfS ARE (QUAL. F'. 1.50 WITH 26 AND 21 OF PROB ~ f •• 0.300n 
----------------------------.-----------------------------------------------------------------------------------------------------
YARUBLE. 'tA 

LOC N MEAN 

119.42851143 
I 6."6666661 

STD DEY 

19.U303850 
8.32050294 

STO ERROR 

3.67438890 
1.60128154 

fOR HO. VARIANCES ARE EQUAL. F". 5.46 WITH 21 AND 26 OF 

MINIMUM 

24.00000000 
110.00000000 

MAXIMUM 

130.00000000 
30.00000000 

PAOB ~ fl. 0.6001 

VARiaNCES 

UNEQUAL 
EQUAL 

T 

0.6891 
0.6803 

OF PRO" ~ I TI 

]".1 0.4951 
51.0 0.499] 

----.-----------------------.---.----------------------.----.-----------.---------------------------------------------------------
URUBLEI NH3 

LOC 

6022 
6058 

N 

24 
25 

MEaN 

0.0210R3]] 
0.OJ160000 

STD DEV 

0.02110)53 
0.02882129 

STD ERROR 

0.00553249 
0.000;16426 

MINIMUM 

o 
o 

MAXIMUM 

0.10000000 
o.()QOOnOOO 

FOR HOI VARIA~ES A~E lQUaL. Fl. 1.13 WITH 24 AND 2) OF PMOH ~ fl. 0.1101 

vaRiaNCES T 

UNEQUaL -0.5653 
EQUAL -0.5646 

OF' 

47.0 
41.0 

PAM ~ ITI 

0.5146 
0.5150 

------------------------------------------------------------------------.------------------------------------------.--------------
VARI_BLEI S~ECCOND 

LOC N MtAN 

1313.2142R511 
>51.66661>661 

5TO OEV 

44 .89118R10 
18.]606 621 

STD ERHOR 

8.~8362212 
15.08050511 

fOM HOI VARIANC~5 ARE EQUAL. F"; ].05 WiTH 26 ANO 21 OF 

MINIMUM 

1200.00000000 
050.00000000 

MAXIMUM 

1380.00000000 
400.00000000 

PROA ~ fl. 0.0054 

VARIANCES 

UNEQUAL 
EQUAL 

OF 

4'.1 
51./) 

PAOA ~ "I 
0.001, 
0.000 

1 



VAHIABLEI TOS 
LUC N "'EAN 

:8~' ~~ 9j8·60U4Z86 
8 3.88 OUUO 

FOR HOI VARIAHCrS AFE [QUAL. 

~ 

I N 

S , A TIS TIC A LAN A L Y S J S 

TTEST PROCEOUAE 
S Y S T E M 

STO DEV STD ERROR MINIMUM MAXIMUM VARIANCES 
U·tOZ'OS~6 "j'04Z4S3 103.00000000 968 . 00000000 UNEQUAL 39. AS 96 5 1. 31159]5 192.00000000 945.00000000 EUUAL 

F'. 1.51 WITH 21 ANI) Z4 OF PA08 > F'. 0.3135 

14109 MONDAY, HARCH S. 1919 2 

T OF PRO" ~ ITI 

~.89J4 
.85'" 10 • 6 

1.0 ""H 0.00 



APPENDIX AS.2. 10 

Time Series Anal ys is UCS FORTELL Box-Jenkins Package 
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APPENDIX AS.2.1D 

Univariate Time Series Analysis 

a.) Background 

Time series analysis based on the Box Jenkins Technique [Box and Jenkins 
(1976) and Nelson (1973)J is used to capture all the statist~cally significant 
information contained in a series for the purpose of forecasting future trends 
and values for the series. Techniques are developed and programmed in compu
ter models for both single (univariate) and multiple time series (transfer 
function). The analyses in this report present only the univaridte time series 
case. 

The "Box-Jenkins Philosophy" is captured in their iterative model building pro
cess. A model is built up from the data and tested for "fit" in four stages. 
The model determination stage is called identification. It is followed by para
meter estimation. The next step is diagnostic checking (residual analysis) to 
determine if the model provides an adequate description of the data and that the 
residuals have been reduced to "white noise." If the checking stage shows that 
the model is deficient in some way, one returns to the identification stage and 
repeats the process. When one is satisfied with a model resulting from this 
iterative process of model building, he may wish to continue to the forecasting 
of future observations. 

The identification stage in time series analysis provides the user with a quan
titative measure of the amount of statistical information contained within the 
data series. This is accomplished through the use of the autocorrelation and 
partial autocorrelation functions. These functions, as well as some other sta
tistically relevant information, allow the user to choose the initial form of 
the time series model. 

A time series must exhibit stationarity (i .e., the series can be represented by 
a constant mean) before any modeling can be attempted. A stationary time series 
can be obtained from the original time series by differencing. Once a station
ary series has been obtained, the pattern of the lagged autocorrelations and 
partial autocorrelations of the stationary series will appear as either a decay
ing exponential or a series of isolated spikes. This model estimation process 
can be summarized in terms of th~ ACF (autocorrelation function) pattern. 

ACF 

a. decaying exponential 

b. isolated spikes 

c. lumpy exponential 

Speci fy 

Autoregressive (AR) model 

Moving Average (MA) model 

AR model first, then check residual 
ACF for MA terms (mixed model) 
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If the ACF pattern indicates an AR model, "significant" spikes from the plotted 
Partial Autocorrelation Function (PACF) will define the model. If the ACF pat
tern indicates an MA model, significant spikes from the ACF will define the 
model. 

The most general form of the Box-Jenkins model has the "autoregressive-integrated 
movi ng average" form (ARIMA) 

(1-~B-~2B2-~B3- ... -~pBP) (l-B)dZt = (1-eB-e
2
B2-e 3B3- ... -eqBq)a t 

where Zt = Zt if d, the number of differencing terms, >0, and Zt = Zt-~ if d = 0, 
with ~ representing the series mean. Zt is the value of series Z at time t. 
The ~m, m = 1,2,3, ... ,p are autoregresslve parameters and appear in the auto
regressive factor in the model, while the em' m = 1,2,3, ... ,q are moving average 
parameters and appear in the moving average factor in the model. This model is 
generally shortened to the form ARIMA (p,d,q), where p and q refer to the order 
of the autoregressive and moving average processes, respectively, and the d refers 
to the order of differencing necessary to achieve stationarity . Order refers to 
the highest time lag for backshift opera tor B used with p and q and to the high
est time lag for differencing with d. 

If an optimal. model has been specified, the residuals in the estimated model 
should have been reduced to "white noise" as recognized by two tests: 

1. The mean of the residuals should be within reasonable confidence 
limits of zero. Failure of this test indicates the need for the 
inclusion of a trend term in the model. 

2. There should be no significant terms in the ACF of the lagged 
residuals. Failure of this test indicates that an insufficient 
number of parameters have been specified. 

b.) Computer Programs 

Two different time series computer programs have been used by the C-b Shale 
Oil Project in its environmental analysis. The United Computing Systems, Inc. 
FORTElL model was developed by Standard Oil of Ohio; the 00727 models were 
developed by Ohio State University personnel and are stored on the Occidental 
Computer System. Both methods are based on the Box-Jenkins technique of time 
series analysis with user enhancements and provide identical models and model
ing results. The following explanation of fo recasting is ba sed on the FORTElL 
mode 1. 

FORTELL provides three kinds of forecasting: Variable lead Time, Fixed lead Time, 
and Backward. For each of these types of forecasts, three pieces of information 
are required: 

1. Backward Origin - The backward origin refers to the number of 
paints backward from the last point in the series to be used 
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as the forecast origin. A backward orlgln of 0 specifies 
that the forecast begins with the last pOint in the series. 

2. Lead Time - The lead time of the forecast specifies the 
number of forecasted points to be calculated out from the 
origin. 

3. Confidence Limits - The confidence limit on the forecast 
determines a range bounding the forecasted values. This 
bound indicates to the user that the probability of the 
actual value, when it occurs, of falling within this bound 
is equal to the percentage confidence limit chosen. 

Variable Lead Time Forecast - a recursive calculation of the projected forecast 
values from the forecast origin to the end of the forecast. The forecast origin 
is the last point in the series, minus the background origin chosen, plus one. 
The end of the forecast is the forecast origin, plus the lead time, minus one. 

Fixed Lead Time Forecast - primarily of use as a validation tool which can be 
used to check for bias in the simulation properties of the model. For this pur
pose, the lead time should be 1. A lead time greater than 1 results in a series 
of variable lead time forecasts separated by the lead time chosen, along the 
length of the portion of the series chosen. The point forecasts are uncorrelated 
and may be used to check for bias in the model. If the model is unbiased. then 
the cumulative sum should not steadily increase in either a positive or negative 
direction. 

Backward Forecast - a vari 3ble lead time forecast which projects forecast pOints 
into the pust rather than the future. 

A summary page of each of the time series analyses completed for Air Quality and 
Particulates data from Tract C-b 's presented in Tables A6.2.l-4 ~hrough A6.2.l-S. 
These summaries contain basic statistica l data for each series as well as a 
description of the forecasting model used and a summary of forecasting results. 
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UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU07 

Parameter: PH 

Series Mean: 8.26364 

Series Variance: .022833 

Trend: 0.0 at 95% confidence level 

Series Mini mum: 7.90000 

Seri es Max imum: 8.70000 

Chi-Sq. for Data: 19.6666 with 42 d.f. 

Ch i -Sq. at 95% level: 58.09 with 42 d.f. 

Model: (Zt-8.26364).(1+.25176B2_.32184B3+.S68S3B4)(1 ~ .10349B 12 )a t 
Coef. of Det: 

Residual Mean: 

Residual Variance : 

Residual Minimum: 

Residual Maximum: 

Residual Chi-Sq.: 

Ch i -Sq. at 95% 1 eve 1 : 

Discussion: 

.225888 

-.00117546 

.0173289 

-.328833 

.374516 

11.2529 with 39 d.f. 

54.56 with 39 d.f. 

The PH model is of the movi ng average form of order four wi th a one year 
seasonal component. The seasonal component in this model was forced in order 
to achieve a more realistic forecast. This model is stationary and 
no trend is indicated. The. original chi-square value of the data alone is 
relat i vely low compared tv the 95% confidence level, so there is little 
evidence to believe that for any long term forecasting that there is a better 
predictor than the series mean. 
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Parameter: 

Series Mean: 

Series Variance: 

Trend: 

Series Minimum: 

Series Maximum: 

Chi-Sq. for Data: 

Chi-Sq. at 95% le e 1 : 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU07 

Boron (mg/l ) 

205.250 

994.129 

0.0 at 95% confidence leve l 

130.000 

265.000 

47.1872 with 42 d.f. 

58.09 with 42 d.f. 

Model: (1-.60792B)(1-.19592B12)(Zt-205.250 )=at 

Coef. of Det: .365103 

Residual Mean: 1.95220 

Residual Variance: 595.544 

Residual Minimum: -83.6508 

Residual Maximum: 36.1297 

Res idual Chi-Sq.: 9.58047 with 28 d.f. 

Ch i -Sq. at 95% level: 41.32 with 28 d.f. 

Di scussion: 

The Boron series is an autoregressive model of order one, the seasona l 
component is at increments of one year and although in this series the 
seasonality had to be forced it is never the less considered to be a valid 
model parameter. There is little doubt that when more data is col l ected this 
seasonality will become more pronounced. 

The present model is stationar~1 and contains no indication of a deterministic 
trend, thus for long term forecasting the mean of the series i s the best 
predictor. 
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Parameter: 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATI Ot ' WU07 

Fluor ide (m~/l) 

Series Mean: 1.02614 

Series Variance: .0390103 

Trend: 0.0 at 95% confidence level 

Series Minimum: .500000 

Series Maximum: 1.30000 

Chi-Sq. for Da "a: 52.1032 with 42 d.f. 

Chi-Sq. at 95~ level: 58.09 with 42 d.f. 

Model: (Zt_l.02614)a(I+.60940s1+.62767S2+.27527S3)(I+.50633S1l)a t 

Coef. of Det: .453538 

Residual Mean: -.00580097 

Residual Variance: .0194271 

Residual Minimum: -.468227 

Residual Maximum: .227841 

Residual Chi-Sq.: 13.5053 with 39 d.f. 

Chi-Sq. at 95~ level: 54.56 with 39 d.f. 

Discussion: 

The Flouride series yields a model of the moving average form of order three 
and with a seasonal component of eleven. This model when expanded \.ili 
contain a parameter at month twelve, so the season may be considered to be of 
one year as would be expected. 

The present model is stationary and contains no deterministic trend para
meter. Due to the stationarity of the series the best predictor for long 
term forecasting will be the series mean. 
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UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU07 

Parameter: AS (mg/l) 

Series Mean: 2.40909 

Series Variance: .433403 

Trend: 0.0 at 95% confidence level 

Series Minimu~: 1.00000 

Series Maximum: 4.00000 

Chi-Sq. for Data: 43.4855 with 42 d.f. 

Chi-Sq. at 95% level: 58.09 with 42 d.f. 

Model: (Zt-2 .40909)= (I+.51295Bl _.27269S6)(1-.Sl076S12)at 

Coef. of Det: 370791 

Residual Mean: -.00749787 

Residual Variance: .257510 

Residual Minimum: -.988554 

Res i dua 1 Maximum: 1.09799 

Residual Chi-Sq.: 13.3345 with 40 d.f. 

Chi·Sq• at 95% level: 55.76 with 40 d.f. 

Discussion: 

The AS series produces a moving average model with two basic para~eters at 
lQS]s one and six, in addition, there is a seasonal parameter at lag twelve. 
Tt.is gives a season of one year as desired. The model is stationary and has 
no trend present. 
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Parameter: 

Series MeJn: 

Series Variance: 

Trend: 

Series Min imum: 

Series Maxi mum: 

Chi-Sq. for Dat a: 

Chi-Sq. at 95% 1 eve 1 : 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU22 

PH 

8.23295 

.0518539 

0.0 at 95% confidence level 

7.1 

8.6 

1.2228 with 42 d.f. 

58.09 wit h 42 d.f. 

Model: (Zt-8.23295))a(I+.28261Bl)at 

Coef. of Det: .0498784 

Residual Mean: .000546660 

Residual Variance: .0481467 

Residual Minimum: -1.06294 

Residual Maximum: .367443 

Residual Chi-Sq.: 9.00518 with 42 d.f. 

Chi-Sq. at 95% level: 58 . 09 with 42 d.f. 

Discuss;on: 

Th e model; s of the movi ng average order one fonn, no seasona 1 parameter 
could be forced into this model. Due to the low spike in the autocorrelation 
function for the one parameter and the low initial chi-square stati stic , this 
seri es wi 11 be best character; zed by its mean, i. e. the seri es appears as a 
random series about its mean. 

The model is stationary and contains no trend parameter. 
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P a rametel': 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU22 

Boron (mg/1 ) 

Scri es Mean: 106.205 

Series Variance: 3511.93 

Trend: 0.0 at 95~ confidence level 

Series Minimum: 70.00 

Series Maximum: 325.00 

Chi-Sq. for Data: 25.8120 with 42 d.f. 

Chi-Sq. at 95% level: 58.09 with 42 d.f. 

Model: (1-.54672S1)(1+.15794B12)(Zt-106.205)aat 

Coef. of Det: .310868 

Residual Mean: 737312 

Residual Variance: 1982.18 

Residual Minimum: -69.8989 

Residual Maximum: 197.582 

Residual Chi-Sq.: 6.14870 with 29 d.f. 

Chi-Sq. at 95% level: 42.55 with 29 d.f. 

Oiscu S5 ion: 

The series model is an autoregressive form with parameters at one and 
twelve. The latter parameter is a forced seasonal parameter included to 
improve the forecast. 

The model is stationary and trend1ess, and would be best represented in the 
long run using the mean. 
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Parameter: 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU22 

FLuoride (mg/l) 

Series Mean: .315909 

Series Variance: .0783747 

Trend: 0.0 at 95% confidence level 

Series Minimum: .20 

Series Maximum: 2.0 

Chi-Sq. for Data: 5.19742 with 42 d.f. 

Chi-Sq. at 95% level: 58.09 with 42 d.f. 

Model: (Zt-.315909)a(1+.26045B1)at 

Coef. of Det: .0394505 

Residual Mean: .0000311821 

Residual Variance: .0738445 

Residual Minimum: -.125703 

Residual Maximum: 1.71428 

Residual Chi-Sq.: 2.10518 with 41 d.f. 

Chi-Sq. at 95% level: 56.93 with 41 d.f. 

Discussion: 

The developed model is a moving average of order one. The parameter of lQg 
one was not indicated by the identification module but was forced to prod uc e 
a forecasuble model. A seasonal parameter could not be forced. The series 
is best represented as random noise about its mean value. This is indica ted 
by the lack of information in the autocorrelation funct ion as well as the 
small chi-squared statistic for the original data series. 

No deterministic trend existsin the ser ies . 
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Parameter: 

Series Mean: 

Series Variance: 

Trend: 

Series Minimum: 

Series Maximum: 

Ch i-Sq . for Data: 

Chi-Sq. at 95% level: 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU22 

AS (mg/l) 

1.05682 

.283269 

0.0 at 95% confidence level 

0.0000 

2.0000 

49.0349 with 42 d.f. 

58.09 with 42 d.f. 

Model: (1-.53992S1)(Zt-1.05682)=(1+.19146B11)at 

Coef. of Det: .275071 

Residual Mean: .00457330 

Residual Variance: .200152 

Residual Minimum: -1.02614 

Residual Maximum: 9.76543 

Residual Chi-Sq.: 9.76543 with 21 d.f. 

Chi-Sq. at 95% level : 32.66 with 21 d.f. 

Discussion: 

The AS series yields a mixed model with an autoregressive parameter a: ': ""-: 
and a moving average parameter at eleven. The seasonal type parameter ~: .~ 
eleven was forced, i.e. it was not directly indicated by the model ice~:'-'" 
cation model. 

The series is found to be both stationary and trendless, thus for C"'; : ::-.
consideration the ser ies mean is the best estimator. 
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Parameter: 

Series Mean: 

Series Variance: 

Trend: 

Series Minimum: 

Series Maximum: 

Chi-Sq. for Data: 

Chi-Sq. at 95~ level: 

Model: 

Coef. of Det: 

Residual Mean: 

Residual Variance: 

Residual Minimum: 

Residual Maximum: 

Residual Chi-Sq.: 

Chi-Sq. at 95% level: 

Discussion: 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU58 

PH 

8.37659 

.0428044 

0.0 at 95% confidence level 

7.41000 

8.9000 

11.3708 with 42 d.f. 

58.09 with 42 d.f. 

13 
(Zt-8.37659)-(I-.35235B )at 

.0692568 

.00562777 

.0388937 

-.966591 

.333409 

10.4119 w1th 22 d.f. 

33.92 with 22 d.f. 

The developed model is of the moving average form with a seasonal type 
parameter at lag thirteen, i.e. approximately one year. The initial chi
square statistic indicated that there was very little mode..lable information 
in the series, thus it was to be expected that the above model would not 
yield significantly variable forecasts. The seasonal parameter was forced. 
Therefore. due to the series stationarity & the low initial chi-square value 
the series is best characterized using the mean. The series is also without 
a significant deterministic mean. 
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Parameter: 

Serit!s Mean: 

Ser i es Variance : 

Trend : 

Seri es Minimum: 

Series Maximum: 

Chi-Sq. for Data: 

Chi-Sq. at 95~ level: 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU58 

Boron (mg/l) 

188.295 

174173 

0.0 at 95% confidence level 

90.00 

2800.00 

3.96482 with 23 d.~. 

35.17 with 23 d.f. 

Model: (Zt-188.295)-(1+.25261BI)at 

Coef. of Det: .0374869 

Residual Mean: -.325914 

Residual Variance: 163907 

Residual Minimum: .676.577 

Residual Maximum: ~447.61 

Residual Chi-Sq. : .756545 with 2.2 d.f. 

Chi-Sq. at 95~ level: 33.92 with 22 d.f. 

Discussion: 

The model produced is a moving average of order one; this parameter was not 
indicated by the identification module, it was forced simply to produce a 
model to forecast from. The series is stationary and trendless. It is best 
estimated using the series mean and behaves as a random series with mean 
equal to data series mean. This is seen by examining the forced model and 
the chi-square stat i stic whic ', is extremely small. 
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Pa rameter: 

UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU58 

Fluoride (mg/l) 

Series Mean: .397727 

Series Variance: .0039482 

Trend: 0.0 at 95% confidence level 

Series Minimum: .3 

Series Maximum: .6 

Chi-Sq. for Data: 25.4411 with 23 d.f. 

Chi-Sq. at 9F~ level: 35.17 with 23 d.f. 

Model: {1-.46986B1){Zt-.39772 7)=at 

Coef. of Oet: .201765 

Residual Mean: -.0000280199 

Resi dual Variance: .00314971 

Residual Minimum: -.0987951 

Residual Maximum: .201205 

Residual Chi-Sq.: 4.85830 with 14 d.f. 

Chi-Sq. at 95% level: 23.08 with 14 d.f. 

Discussion: 

The above model is an autoregress i ve of order one wi th no trend term. Ad
di tiona lly, the seri es is stationary and the best est imator for long term 
forecasting will be the mean of the series • . 

The series contains little modelable data as is indicated by the initial 
chi-square statistic and lack of seasonal terms. 
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UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU58 

Parameter: AS (mg/l) 

Series Mean: 1.93183 

Series Variance: 6.11152 

Trend: 0.0 at 95% confidence level 

Series Minimum: 0.0 

Series Maximum: 13.0 

Chi-Sq. for Data: 31.7755 with 35 d.f. 

Chi-Sq. at 95% level: 43.77 with 35 d.f. 

Model: (Zt-1.93183)a(1+.5704B1_.14753BO)at 

Coef. of Det: .324379 

Residual Mean: . 000485539 

Residual Variance: 3.95721 

Residual Minimum: -1.56266 

Residual Maximum: 11.2899 

Residual Chi-Sq.: 8.98607 with 21 d.f. 

Chi-Sq. at 95% level: 32.66 with 21 d.f. 

Discussion: 

The model is a stationary moving average with parameters at one and six. The 
parameter at lo.g six was forced in order to give the series forecast s a 
seasonal type appearance. 

The series has no detenninistic trend at the 95% confidence level and would 
in any long term forecasting be best represented by using the mean. 
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UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU61 

Parameter: P~ 

Series Mean: 8.22500 

Series Variance: .0549419 

Trend: 0.0 at 95% confidence level 

Series Minimum: 7.70000 

Series Maximum : 9.20000 

Chi-Sq. for Data: 30.3508 with 42 d.f. 

Chi-Sq. at 95% level: 58.09 with 42 d.f. 

Mode 1 : 

Coef. of Det: 

Residual Mean: 

Residual Variance : 

Residual Minimum: 

Residual Maximum: 

Residual Chi-Sq.: 

Chi-Sq. at 95% 1 eve 1 : 

Discussion: 

(1+.41062S1+.27494S3)(Zt-8.225)= (l -.18502S6)at 

.219029 

-.00626798 

.0422993 

-.514645 

.738267 

11.2263 with 37 d.f. 

52.16 with 37 d.f. 

The PH series is modeled by a mixed model with autoregressive parameters at 
1 ags of one and three and a seasona 1 type movi n9 average parameter at 1 ag 
six. This seasonal parameter may be interpreted as representing the negativ ~ 
of the actual seasonal parameter at lag twelve, i.e. one year. The model is 
stationary and without a deterministic trend. 

The seasonal parameter was forced in order to develop a forecast which 
follows the data more closely. 
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UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WUSl 

Parameter: Boron (mg/l) 

Series Mean: 200 . 795 

Series Variance: 9398 . 77 

Trend: 0.0 at 95% confidence level 

Series Minimum: 120.000 

Series Maximum: 770 . 000 

Chi-Sq. for Data: 10 .8657 with 42 d. f . 

Chi-Sq. at 95% level: 58.09 with 42 d.f . 

Mode l: (Zt-200.795)-(l+.36876B1)at 

Coef. of Det: . 124810 

Residual Mean: - . 0535268 

Residual Variance: 8042.99 

Residual Minimum: -155.740 

Residual Maximum: 501.525 

Residual Chi-Sq.: 2.81552 with 41 d. f. 

Chi-Sq . at 95% level: 56.93 with 41 d.f. 

Discuss ion: 

The Boron series model is a moving average of order one. An attempt was made 
to force a seasona 1 parameter into the mode 1, but a 11 such parameters were 
estimated to be extremely close to zero , thus the non- s!asonal model was 
accepted . The model developed was stationary with no trend parameter. 

Considering the initial and final chi-square statistics, the developed model 
is probably the best obtainable. Any forecasting beyond one time period is 
best done using the series mean . 
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Parameter: 

Series Mean: 

Series Variance: 

Trend: 

Series t1i nimum: 

Series Maximum: 

Chi-Sq. for Data: 

(,hi -Sq. at 95% level: 

Model: 

Coef. of Det: 

Residual Mean: 

Residual Variance: 

Residual Minimum: 

Residual Maximum: 

Resldual Chi -Sq.: 

Chi - Sq . at 95~ level: 

Discussion: 

UNIVARIATE TIME SERIES ANALYSIS 

USGS ~TATION WU61 

Fluoride . "/1) 

• 677500 

.00744709 

0.0 at 95% confidence level 

.50000 

.900eO 

18.806.3 with 42 d. f. 

58.07 with 42 d.f. 

(Zt- ·67 75)=(1+.28493B1+ . 29495B8_. 22299S13)at 

.144357 

.00106531 

.0060601 

-.153992 

.192223 

10.4305 with 39 d.f. 

54.56 with 39 d.f. 

The developed model is of the moving average form with parameters at l<l:js of 
one, eight and thlr een . The last p~rameter may be considered to be a 
seasonal type parame er , and the season may be taken to be on the order of 
one year. This seasonal parameter was forced and differs little from ze r') o 
The above model is stationary and trendless. Due to the chi-squarp statistl~ 
and the stationarity of the series, any long term forecasting \~ould bp.ct be 
accomplished via the series mean. 
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UNIVARIATE TIME SERIES ANALYSIS 

USGS STATION WU6l 

Parameter: AS (mg/l) 

Series Mean: 2.29773 

Series Variance: 1.19883 

Trend: 0.0 at 95% confidence level 

Series Minimum: 0.0000 

Series Maximum: 6.0000 

Chi-Sq. for Data: 22.4487 with 42 d.f. 

Chi-Sq. at 95% level: 58.07 with 42 d.f. 

Model: (Zt-Z.29773)a(1-.30541B7+61491B11)at 

Coef. of Det: .164915 

Residual Mean: .0190615 

Residual Variance: .956252 

Residual Minimum: -1.47668 

Residual Maximum: 3.06607 

Residual Chi-Sq.: 17.7652 with 40 d.f. 

Chi-Sq. at 95% level: 55.76 with 40 d.f. 

Discussion: 

The above model is a moving average with parameters at lags of seven and 
eleven, these may be considered as seasonal type parameters. When additional 
oata is collected this seasonal aspect should become more distinct. 

The series is trendless and stationary, and the mean should be taken as a 
good indicator for any long term prediction. 
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APPENDIX AS.2.2 

This Appendix is in three parts: 

AS.2.2A - Summary Tables for linear Regre$sion 
Analyses 

AS.2.2B - linear Regression Data for Springs and 
Seeps 

AS.2.2C - T-TEST Procedure Results for Springs and 
Seeps 
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APPENDIX AS.2.2A 

Summary Tables for Linear Regression Analyses 

List of Tables Appearing in Appendix AS.2.2A 
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Table A5.2.2A-l 

LINEAR REGRESS ION OF WATER QUALITY PARAMETERS VS TmE 

Location WS01 

~IO. OF ESTI:-t~TE L L* 
PARA~1ETERS OBS. OF SLOPE ( 95 ~; Conf) 

pH 5 0.390 0.158 

B 4 -0 .447 -1. 058 

F 5 -0.200 -0.489 

As 5 0.00538 -0.00227 

504 5 -47 . 1 -85.5 

Na 5 -22.4 -54.1 

NH3 3 0.0271 -0.276 

Mo 3 0.00124 - 0.0788 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L"; 
( 95~; Conf) 

0.622 

0.164 

0.089 

0.0130 

-8.7 

9.26 

0. :330 

0.0812 

IS SLOPE 
S i Gin FI CA~ITL Y 

T FOR Ho: 01 FFEREIIT FROM 
SLOPE = 0 ZERO? (95% Conf) 

4.33 Y 

-2.33 N 

-1.93 N 

1. 95 N 

-3.40 Y 

-1.96 N 

0.38 N 

0.07 N 
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Table A5.2 . 2A-2 

LINEAR REGRESS ION OF WATER QUALITY PARAMETE RS VS TH·IE 

Location WS02 

:;0. OF ESTH1ATE L L* 
PA?;'MCERS OBS. OF SLO PE (95% Conf) 

pH I:: 0. 00783 -0.211 oJ 

B 5 -0.261 -0.703 

F 5 -0.0780 -0.27 

~ s 5 0. 00190 -0.00U87 

S04 5 -4.86 -19.27 

~Ia 5 5. 49 0.56 

~IH3 4 0.0987 -0.0553 

Mo 4 -0.00941 -0.021 

* Lower and Upper limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of free~. 

U L* 
(95% Cl)nf) 

0.227 

0.181 

0. 114 

0.00467 

9.55 

10.4 

0.253 

0.00219 

IS SLOPE 
SIGiH FICAtlTLY 

T FOR Ho: 01 FFEREilT FROM 
SLOPE = 0 ZERO? (95 ·; Conf) 

0.10 N 

-1 .64 N 

-1. 13 N 

1.90 N 

-0.94 N 

3.09 Y 

2.04 N 

-2.57 N 
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Table A5.2.2A-3 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TH~E 

Location WS03 

~iO. OF ESTIMATE L L* 
PARAMETERS OBS. OF SLOPE (95% Conf) 

pH 13 0.0280 -0, 131 

B 9 -0. 191 -0.35 

F 13 -0.0316 -0.116 

As 13 0.00146 -0.00612 

S04 13 -14.9 -47.4 

~a 13 -9.48 -18.7 

NH3 12 0.0383 -0.0437 

Mo 8 -0.0123 -0.0186 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
(95S Canf) 

0,187 

-0.032 

0.0525 

0.00904 

17.65 

-0.22 

0.120 

-0.00604 

IS SLOPE 
SIGNIFICANTLY 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? (95% Canf ) 

0.38 N 

-2.78 Y 

-0.82 N 

0.42 N 

-1.00 N 

-2.23 Y 

1.03 N 

-4.64 Y 
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Table A5.2.2A-4 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TmE 

Location WS06 

tlO. OF ESTIMATE L L* 
PARAMETERS OBS. OF SLOPE {9S: Conf) 

pH 7 -0.0633 -0.379 

B 7 -0. 316 -0.705 

F 7 -0 . 257 -0.671 

As 6 -0.00162 -0.0124 

504 7 -2.33 -19.5 

Na 7 -1.17 -9.69 

NH3 4 -0.0484 -0.257 

He 7 -0. 000460 -0.0138 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
{9S% Conf) 

0.253 

0.073 

0.157 

0.00918 

14.9 

7.35 

0.161 

0.0128 

IS SLOPE 
SIGNIFICAtlTL Y 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? {9S ~ Conf) 

-0.49 N 

-2.00 N 

-1.52 N 

-0.39 N 

-0.33 N 

-0.34 N 

-0.74 N 

-0.08 N 
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Table AS.2.2A-S 

LINEAR REGRESSION Of WATER QUAlITY PARAMETERS VS TIf4E 

Location WS07 

NO. OF ESTIMATE L L* 
PARAMETERS OBS. OF SLOPE (95% Cont) 

pH 7 -0.0852 -0.278 

B 7 -0.299 -0.61 

F 7 -0.169 -0.443 

As 7 -0.00316 -0.00078 

504 7 -32.2 -83.8 

Na 7 - 2.83 -8.27 

NH3 5 .195 -0.167 

Mo 5 -0.000296 -0.00769 

* Lower and Upper limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
(955; Conf) 

0.108 

0.012 

0.105 

0.0071 

19.4 

2.61 

0.537 

0.00709 

IS SLOPE 
SIGUI FlCANTL Y 

T FOR Ho : DIFFERENT FROM 
SLOPE = 0 ZERO? (95~ Cont) 

-1.08 N 

-2.36 N 

-1.51 N 

1. 97 N 

-1.53 N 

-1.27 N 

1.59 N 

-0.11 N 
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Table A5.2.2A-6 

LINEAR REGRESS ION OF WATER QUALITY PARAMETERS VS TmE 

Location WS09 

~1O. OF ESTI:1ATE L L* 
PARAMETERS OBS. OF SLOPE {95~ Conf} 

pH 12 -0.0244 -0. 172 

B 7 -0.0928 -0.176 

F 12 -0.136 -0.396 

As 11 0.00245 -0.00915 

S04 12 -30.6 -71. 9 

:la 12 -2.04 -16.3 

NH3 10 -0.0187 -0.0952 

Mo 6 -0.0425 -0.0903 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
{95% Conf) 

0.124 

-0.0096 

0.124 

0.0141 

10. 7 

12.3 

0.0578 

0.0053 

IS SLOPE 
SIGNIFICANTL Y 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? (95~ Conf) 

-0.36 N 

-2.73 Y 

-1.15 N 

0.47 N 

-1.63 N 

-0.31 N 

-0.55 N 

-2.28 N 
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Table AS.2.2A-7 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TmE 

Location WS10 

rm. OF ESTIMATE L l* 
PARAMETERS OBS. OF SLOPE {95% Conn 

pH 9 0.0747 -0.106 

B 7 -0. 0832 -0.213 

F 9 -0.148 -0.386 

As 9 0.00405 0.00057 

504 9 17.3 9.29 

~a 9 1. 55 -1.85 

NH3 7 -0.0320 -0.133 

Me 4 -0.00262 -0.0258 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
{95% Conf) 

0.256 

0.0468 

0.09 

0.00753 

25.4 

4.95 

0.069 

0.0206 

IS SLOPE 
SIGUIFICANTLY 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? '95~ Conf} 

0.95 N 

-1.56 N 

-1.44 N 

2.68 Y 

4.97 Y 

1.05 N 

-0.78 N 

-0.36 N 
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Linear Regression Data for Springs and Seeps 
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101 H 1!) . DIU ,,,, 111 0.10 76.1S00 Ih 3d0141 161. i'" lH.916 0.16174Z 0.01~970 _,.,.11j -lit ... ,6 -0.{'671'Z 

--, fJc-T?--1l t< !I.Or--t3o----t " - - -. - - 17OY16r--OOO1U-& u --:su. He 'OctoSl r--001~9n' ·'.00"01 -l8.,as un-u • 

------------------------------------------------------------- lOC·~SOl -------------------------------------------------.---.-.----. 
Oil!! TIt "0 :)1 :iSOIY 

103 74 10 --,oc--n , 
In u 1~ • '0, 78 6 6 .1 

'tOlY .. RCDl PllfDi 

• 0.01 
o."~ 0.11 
0.01 

pwU,l Plltn, !!(SIUl HESI&lZ 

• 

IIUI03 

.: •• sn 
{t.ll469 
D.OHau' 

-.------------------------------------------------~-----.---. lOC·VSO" ----------.-----------------------------------------------.-. 
nos YIt "0 l'1 sson ,.ou S0' NA NHl "'"0 I'REOl 'lIlfll ,UDl pten4 IUID1 ltl'IDZ .l:SIU' IUID' 

Hl 1t '! 8:111 US ,18 s· " ~'.1S0' S· 816&191 n~:t~~ Ii'.Zp !:HtU~ -S:8UHn :~':tU -J.lFi -':ru~n .lD S.666 . ".", 104.6 , -&.6 , 
12] 76 ~ • O.IIO~ .01 119 • 76.Hll 0.111 "773 l'6.'S6 110.08a ;J.2l"76 ·0.006617' S4. SU 1'.-11,. • 

-'~8 8 7.5 o 001"0 ~.ct--1l o--nen-r-I! .. f e' 0.0100129 , or.-rec---t ~.-r--oT'&-1"~ -hOOOOU' -1 e • 1 e..---e-.rtr 1 -0 ... ".., 

------ ------ -- -------------- -



11(1;;1( 5S.0N or '" TER OUll.T, PAR'"ETERS VS T "Il 1." lY ilONon. DECUBU 11. ,.,n 115 

------------- -------------- -----------------------------.---- loe-VS06 -------------------------------------------------------------

DIS U "0 1I ST Toe "HENOlS PH 8 f ,s '""0 PREDl PRED2 pREDJ pIIED4 REstD1 III SI02 RESluJ IE 5104 

lB 74 '0 1 3 8.2 1.60 ~.'0 0.0]0 74. ]SOO 8.U9145 0.97711 1.1SUl O.014OtaOS 0.,06S1 0.622.' 0.94a~9 0.0159J" 

'l6 75 5 2 • 7.3 0010 .60 • 75dJB 1I.056B 0.79lSll 1.0016J 0.01]11S3 -0.756J -0.6Y25d -0.4016J • 

lH n 9 Z 
3 I:~ &.10 0.48 ~: Ui ~~:~~H ':SHH g. 68 7B O. U604 O.OlP~H ., 0.' 1 -. lA~' - .0 0 

5 • • U4 0.5 .47" II. '115 0.0 4 . 8.Jt~ t -O.416tI -8.l4'B5 -r.ololl~ 
129 76 10 5 0.009 8.3 DolO 0.4" 0.003 76.7500 7.966811 0034442 0.61786 0.010b200 ~.31312 -0.24'4l -0.211b6 -0.001820 
no 71 12 , • • 7.11 0.04 0.51 0.020 7,.9167 7.119305 -0.02465 OolJ8JO 0.00~~~97 -0.V9305 0.064115 0.1711) 0.01107~ 

01 78 6 • 0.003 7.7 0.119 0.49 0.010 7 .4167 7.86141 -0.182 112 0.20991 0.0081195 - 0.16141 0.27ld2 0.211009 0.00111110 

---------------------------- ------------------ --------------- loe-vS07 - --------- --- --- - ------------------------- .. ------------------

085 '" "0 1I 5 T Toe fH( NOl 5 PH 8 r AS '""0 PIIEDl PRE02 PRED3 pIIED4 RES,:)1 . Ill. s' 02 RESlu) Rl sa 0' 

132 74 10 1 t. 1101 1.60 1.50 0.001. 14.7S00 11032447 0.YZ790 0.9094" 0.0004068 - 0.2(41.7 0.61211) 0.59056 0.OOJU3.! 

1H 75 9 2 1 is.4 o.~o 0030 0.003 75.6667 8.24615 1).6BSO 0.754206 O.OOpou 0.1 3n -0.'5HO -II.U'll -0.00&.5,,, 
76 5 3 • 6.1 II. 0 0.40 0.001 76. JjJJ 8.18yn 0.4B93 0.641]09 0.00 4118 -0.089 -OoJ5JYJ -0.~'1J -1t.OOU 14 

lH 76 10 4 0.007 11.4 0.02 0030 0.002 76.7S00 d.15402 Ool292G 11.570748 0.00H2119 0.245911 -0.J09Z0 -0. 1015 -0.0047211' 
136 77 12 5 • 8.4 0.04 0.40 O.OlO 77.Y'67 8.054 S8 -0.02004 Ool73171 0.010.1611 0.]4542 0.06004 0.026dl 0.00951132 

lU 711 4 , O.OO~ 7.9 O.Oi 0.53 0.010 78.2500 a·Os 618 -g·1 '982 O·~Jt7~y 8·~1'~7°i -0.HU9 O"HH U.~!~2{ -8.U&'~7SS 
78 7 0.01 7.7 0.0 0.41 0.010 78.~OOO .0 487 - • .,,466 o. J .11 2d,0 -1).1 0 0.2 66 O. 6 -.0 2 6 d 

------- ----------------- ----- ----------- ---------- ----------- loe-vS08 --- --------- -- - - ----------- ----------------------------- - ----

085 TR .. 0 II Sf Toe fHE ,.Ol S PH 8 r AS " 1"0 fR EDl PRf Ol PIIEDl PRlD4 RESl D1 liES In2 kE5l 0 ) liE 5 1'" 

139 H 10 1 ~ l·~ 0.20 A:18 • 7l..7500 d.p '~' 0.20 2I 09 '.01'7~ o. 006H6~1 -S·p'" -0'U2 ~U9 0.6£1l8 • 
40 9 2 • .3 0.20 0.010 i~ .66 6 7 I!. 13 0 0.157 19 0.84 8 11.006765 • 11690 O. 2 11 -0.6 C;!l0 o. 00j2]U 

141 76 10 1 0.037 8.4 0.01. 0.10 0.002 76 . 7S UO 7. ~'9 n 0.101458 0.')79l6 0.1)072.5669 0.45u27 -0.0634511 -1I.l7Y.!6 -0.00Hl67 
142 71! 7 4 O.OOl 7.4 0.01. O. I. 5 0.010 7b. SOO O 7. 685 i1] 0.01 b6 13 0.14222 11.00799113 -0.2115H O.02Hdl II • .5l1nlS 0.01l200l3 

__ - __ _ ____________ ~ ____ ___ __ _____ _ .----- --- - - ---- - - -- ------ - -- loe - VSlI9 ------- ----- - ------------------ ------------------------------

O '-J 
O'-J 
()) 

0 85 
14] 
144 
145 
146 
147 
1411 

lH 
151 

Hi 

'R "0 
74 10 
7S 9 
76 2 
76 , 
76 5 
76 6 

U , 
76 9 
76 10 

H '~ 

1I 5 T Toe 

1 3 
2 
3 • 4 • S 
6 • , I 

• 
9 • 10 • n • 

PH[HOlS PH 8 r .5 

6 .1 0.40 1 . 5 0.0112 
7.8 00]0 0. 5 • 

• IS.! 0.02 0.3 0.002 
• 8. I 0.4 0.1150 

-0.010 e.2 0.08 0.4 0.001 
8.3 • 0.2 0.001 

I:J • O.~ O. 8:&8Y 
• 8.4 • 0.4 0.001 

O.OJl 8.' 0.06 0.2 0.005 
• ,:, 8:8! 8:l 8: gU 0.005 

'R "O fR ED1 PRED2 pREO] pR[O' RkSl01 IES 102 IESIIIJ If S 104 

74.15110 ~.21502 0.:\011757 0.116966 0.0039002 -0.13502 0.0992, o.78jQ) -0.0019002 
7,) . 6667 8.21267 0.21S702 0.592202 0.0061495 -0.41267 o.OIIno -0.09120 • 
76 .01U3 11. 20250 0.177041 0.pS491 0.0071719 0.09750 -0.15704 -0. 211" -0.0051719 
76.2500 R.19844 0.161571 O. 128117 0."0751109 0.10156 • -0.11 til O.04241Yl 
76,]3 33 8 .19641 0.153'145 0.501465 0.0011851 0.00lS9 - 0.073114 -0.10147 -0.00671151 
76.416 7 is .1943! 0.1461'2 0.49012] 0.007~o911 0.10562 • -0.29U12 -0.00.989, 

~~:~SH g.'~ 2H 8:BUU n:t'9I~~ 8:88:!~~A 8:YUU • :8:11'11 :8:889J'li .1 031 • 
76.6667 11.18&211 0.122916 0.456096 0.001160)3 0.21172 • -0.OS610 -0.0016'3J 
16.1500 8.18625 0.1151U 0.44' 75' 0.00116071 0.21JI5 -0.05~'11 - 0121,,5 -0.101801I 

H:llH B:1EU 0.0~$93~ ::~tl~t~ ::811t~' -S:!t~6: 8:8192Z 8:t ~O, -I: 821'Y. -0.0 46 

------------ - --- ------------------------------------------



~ .. " ...... _- ~ 

R(CRfSSIOH Of WATER OUALlfY f',!tAU TEU YS TIllE 1)1)9 "OHOA'_ DECE"IEa 11_ 1 "71 106 
______________________________________________________ ------- LOC=WS10 

-------------------------------------------------------------
DIS ,. "0 1I ST TOC PHENOL' PH I f AS YA"O PREDl PRED2 PRED) PRfD4 RESIDl RESIDZ" RF:SIO) aUlD' 

155 74 10 1 6 • 7.9 0.60 1.'0 0.002 7t..7500 a.06169 003 13049 0.710760 -0.0026714 -0.16169 0.i1l69S 0.6Ui4 0.00U7U 

156 7S 5 2 o.OlU 7.9 0.10 0., 0 o. ou 1 75.HH 11.10524 0.26'522 0.62'522 -0.000)111 -0.Z0524 -0.1645l -o.Z24H 0.001]111 

151 7S 9 ) II.~ 0.10 0.)0 0.001 7S.606! a· OO13 0.236192 o. 57SH 3 O. 8010371 0.1~9117 -0.Ot 1Y -0.l7S24 -o.oOOOFI 
1511 76 5 .. II. 0.06 0.'0 0.001 16.3]1 .17990 0.111nH 0.4766114 O. 031152 0.0 010 -0.12 1) -0.076611 -0.0021 5 

159 76 6 5 • 11.4 • o'iO 0.001 76"'61 11.18612 0.174400 0.46436' 0.0040724 0. 21111t • -0.26436 -0.00)1124 

160 76 7 6 • 8.1 • O. 0 0.000 16.5uOO 8.19235 0.167461 0.452045 0.00U09S -0.~9) • -0.15204 -0.00'40YS 

lU nu , 0.007 ,.' o.~o O'H !I.O~~ n:n2' I:HUl g.1'$6{0 0."~08~ 0.00"42 J1 g'ltd9, 8.0S1)~ -0'1'~~; -0.00~4('1 
• .6 O. .. o. 0.0 .04 6 5 0.24 60 O.Ol()h 1 • 01ft - .0096 O. II 0.00 8 • 

163 711 6 9 0.0011 1.9 0.10 0.40 0.010 711.4161 11.3354' 0.008020 0.16116119 o.eH1bU -0.43544 0.09198 0.Z]1)1 -0.00Z16" 

______________________ ~ _______________________________ ------- LOC~Y~11 -------------------------------------------------------------

08$ 

164 

LIST 

1 

Toe 
• 

PHENOLS PH 

. 7.' 
I F 
• 0.2 

PRED1 

7.4 

PREDZ PREOl 

o.Z 

PRED4 

• 
RESI01 

o 
RUIDl 

• 
RESIDl 

o 
RESID4 

• 
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APPENDIX AS.2.2C 

T-TEST Procedure Results 
for 

Spring and Seeps WS01, WS03, WS06, WS07 

79 
1010 



VARIABLE' PH 

LOC N MEAN 

=~U 11 

fOR H" VARIANCES ARE E~UAL, ft. 

S TAT 1ST I CAL A N A L Y SIS 
TTEST PROCEliUME 

S Y 5 T E " 9.01 TUlSOAV, FEBRUARY 21, 1919 

STO OEV STO ERROR 

B:~"Unl 8:nunu 
2.05 WITH 6 AND 12 Of 

MINIMUM 

1.60000000 
1.30000000 

MAXIMUM 

8.~0000001 
8.4000000 

PMOS ~ ft. 0.2141 

VAAIANCES 
UNEQUAL 
EQUAL 

T 

I:~n: 

OF PROR. ITI 

.::~ 8:IU: 

----------------------------.---------------------------------------.-------.--------------------------------------------------.--
VARUBLE' B 

LOC N MEAN STU DEli STO ERROR MINIMUM MAXIMUM VARIANCES T OF PAOB • ITI 

:UZ 9 0.19171118 0·l5912116 0'II'n0112 0.00000000 t'lOOOOOOO UNEQUAL -0.89f6 8.9 ::J:H 1 0.418!;1 Ul O. ]9 4 .. O. 4.'6164 0.04000000 • 0000000 fOUAL -0.95 4 14.0 

FOR HOI VARIANCES ARE EOUAL, f'. 1.11 WITH 6 AND 8 OF PROR • ft. 0.1146 

----------------------------.------------------------------------------------------------------.----------------------------------
VARUBLE' f 
LOC N MEAN 

0.25384615 
O. n428S71 

fOA HO. VARIANCES AHE lUUAL. ft. 

STO OEV STO ERROR 

16.66 WITH 6 AND 12 Of 

MINIMUM MAXIMUM VARIANCES T Of' PRO!. I TI 

8:1888Ug8 UNEQUAL -1.9.98 
[QOAl -2.6140 It:3 1:IT91 

PROR > ft. 0.0001 

-------------------------------------------------------------------------------------------------------------------------------.--
VARUBLE' AS 

LOC Mt:AN STD DEV STO ERROR MINIMUM "UIMUM VARIANCES T OF PA08 • ITI 
WSOJ 13 0.00-"6923 0.01l30510 0.00]69011 0.00100000 O.O~OOOOOO IJNEQUAL -0.2036 11 .1 0.84'. 
WS06 6 0.01100C/00 0.01113030 0.0041888A 0.00100000 0.1l3001l000 EQUAL -0.19)9 17.n 0.8.86 

fOR .. 0. VARIANCES ARE EOU.l. f·. 1.29 WITH 12 ANn 5 Of PROB ~ ft. 0.8309 

-000 
- a 



· ,- ..• ~---

S TAT 1ST I CAL A N A l Y SIS 5 , S T E 14 

TTEST PROCfDUAf: 

VARIABlE I MOlY 

loe N M[AN STD D[V STO UROR 141" I MUM MUI"'IM VARIANCES , Of' p,"", » IT! 

91: , s·'n'GOOI ··"'U'61 0.t',669.1 O.OAoo.too 1.0500000t ""'EQUAL 0.'966 1'·1 0.561~ 
.0 00000 0.016 993 0.00'-1121] 0.0 000000 0.05000000 fauAl 11.5914 ... ft 1.1i"0 

'OR Htl VARIANcrs AAE EGUAL. F'. 1.04 WITH 6 AND 1 Of' PROS» f'. 0.9.81 

---------------------------------------------------.-----------------------------------------------.------------------------------
VARIABLE I 504 

loe N 

:Ul If 
MEAN 

]16.,46153115 
'~6. 142"511 

FOR HOI YAAIANCrs ARE EQUAL. F'. 

5TD nE~ STO ERRM 

la:att:nu 
1.61 WITH 12 AND ~ Of 

MINIMUM 

211l.00000goo 
]20.00000 00 

MAXIMUM 

4]5.00000000 
],.'.0000"000 

PROR ~ f •• 0.0201 

YA,.IA"CES 

UNEQUAL 
EaUAl 

T 

1·"506 
.292? 

0' 

I"·" ".0 
PRO" » IT! 

t.il16 
0.1126 

----------------------------------------------------------------------------------------------------------------------------------
YARUBLEI NA 

lOC N MEAN STO DEY STD EAAOR MINIMUM MaxiMUM YAAUNCES T Of PAo.. » IT! 

WSO] 13 i 38.53846154 19 •• 0195602 ~.3111'3441 120.00000000 200.000001100 UNEQUAL -0.~160 1".0 0.,."" 
wSo,. 1 142.00000000 10.!98H206 4.00t; 4196 128.0011 011000 I~o.nooooooo [QUAL -0.434" I".n 0."" 9 

FOA HOI YAAIANCfS ARE EQUAL. f·. 3.35 WITH 12 AND 6 Of PROS ~ f •• 0.1480 
----------------------------------------------------------------------------------------------------------------------------------
VAAU8lEl NHJ 

lOC N MEAN STO OEV STO ERROR "INIMUM Max I"U" VARI_NCES T OF" PAnA ~ ITI 

WSO] 12 0.15666661 0.14111849 0.0408'246 0.010110000 0.4000(1000 UNF:QUAL -n.oo", 4.,. 0 ••• 32 
WS06 4 0.1515(1UOO 0.165001100 0.08?~001l0 0.0111110000 0.401l0n1lOO faUAl -n.OIlQ,. 14.1' 0 ••• 21 

FOR HOI YARIANCfS ARE EOUAl. f·c 1.]6 WITH ] ANO II Of PROB ~ f •• 0.6104 



-- ..... ~ 

VlRljBlli 5PEtto~~ 
LOC 

"SOl 
"S06 

MEAN 

1155.33333333 
1163.1428<;714 

5 T l TIS TIC l L A N A L Y 5 I 5 5 Y S T [ N 

STD DEV 

109.48,,34171 
13.31\)46230 

STD ERROR 
31.60656178 
42.8549205A 

TTEST PROCEDURE 

MINIMUM 

1200.00000000 
200.00000001) 

MaxIMUM 

15 ')9.nooooooO 
562.00000noo 

VaRIANCES 
UNEDUAl 
EQUAL 

f~ HO. VARIANCES ARE EQUAL. f·· 1.07 WITH 6 AND 11 Df PROR > F'. 0.8~80 

VARIABLE' TDS 
lOC N MUN 

WIll 9 984.66666661 
" 06 4 932.50000000 

FOR H', VAAIANCES ARE EQUAL. 

... 
000 
-N 

-(,,) 

5TD DEV 5TO ERROR MINIMUM MAXIMUM VARIaNCES 

16.4068J598 25.46"93533 846.00000000 IllO.OOOOoooo UNEQUAL 
24.f779 536 12.13"96ZM 900.00000000 9~0.Oooo"ooo EQUAL 

F'. 9.59 WITH 8 ANO 1 DF PROR > F'. 0.0895 

T 

-0.1 461 
-0. 4"1 

T 

1.8433 
.307(, 

0' PRO" ~ I " 

11.] o.A"~' 
7.n 0.A"40 

or PRO" ~ ITI 

1°·6 1.n O.,9J4 • 
0. 1 " 



VAAIASlEi PH 
lOC N MEaN 

=U~ I} 
fOR H" vaRIaNCES aAE Eoual, ft. 

5 TAT 1ST ! CAL A N A L Y SIS S Y S T E M 
nn T PROCEDURE 

1'51 TUESDAY, fEBRUARY l1, 1.19 

STD D£V STD ERROR 

1:II1U:U 
1.01 WITH 12 AND 6 Of 

MINIMUM , ........ . 
.1000011' 

Mal I MUM 

I.~"OOOOO 
8.4000nooo 

PROS. ft. 1.0000 

VaRlaNCn 
UN(QUAl 
EQUAL 

T 

0.6176 
0.6161 

Of PAOlI. I T I 

II:~ ::219: 
----------------------------.---------------.------.------------.-------.---.----------------------------------------------------. 
VARIABLE' B 
LOC N MEAN STD DEV STD ERROR MIMIMUM MAXIMUM VARIANCES T OF PAOB • ITI 

:tu 9 0.19171711 ::~~TUU~ ··nn.n2 : ....... 00 1.10010000 UN£QUal -0.1611 ca.5 1.1l15 
1 o. 9000000 O. 962019 • 2000000 .60000010 EQUal -0. 916 14.0 ,.1011 

fOR HOI vaAlaNCrS aRE EQUal, Ft. 2.62 WITH 6 AND 1 OF' PAOR • ft. 0.2085 

----------------------------.-----------------------------------------------.--------------------------------------------------.--
VARIABLE I F 

lOC N MEaN 

0.25384615 
O.S4851lH 

fOR HOI vaAlaNCES aRF. Eoual, Ft. 

STO DEv 
0.15063966 
0.42670'45 

STD ERROR 

I:t:uun 
8.02 WITH 6 AND 12 OF' 

MINIMUH Mal I MUM 

I:UIIIII: f:U:UI:B 
PAOR • Ft. 1.0024 

vaRIaNCES T 
UNEQUal -1.1690 
EQUAL -2.1131 11.." 

1".0 1:1111 

----------------------------------.--------------------------------------------------------------------------------------------.--
VARIABLE I AS 
lOC N "EaN STD DEY STD ERAOR "INIMUM MAIl I MUM VARIANCES T l'F PAOf' • "I 
IIISOl 11 0.00916~2J 0.01l105ID 0.'0]69011 0.0°1'0000 0.0500000. UNEQUal 0.5856 1"·0 ,.5654 
WSOl U.007hl86 0.006 4]60 0.00254""4 0.00 00000 0.02000000 (QUAL 0.4855 ... n 0.6J32 

fOR HOI vaRIANCES ARE EQUal. Ft. 3.19 WITH 12 ANO 6 Of PROR ~ Ft. 0.lO63 

1 



V_UIL!:I MOLy 

Lot N "lAN 

Rtf I 1:lnl::11 
'OR MI. VAR.AMerS All( (QUAL. ". 

S , A , • I , • CAL A N A L Y SIS S Y S , , N 

STO on 

I··"'m' ... ~. ] 

I.!' WI'" , AND • Of' 

MINI""" .... r...,.. 

1::1111111 I::nl:::: 
~oa • " •••• !!] 

V.-IANCfS 

UNEQuAL 
(QUAL 

T Of' """'. I Tt 

I:::" .T:I 1:1'lt 
----------------------------.-----------------------------------------------------------------------------~---------~-~~--
V_UIL!:I so. 
Lot N !TO Drv lTD (Ma.. MfAN 

»6.84615)8S 
:119. Ull~'I. 1::UUIUf it:mn:11 

'OR H'I VARUNt.:S AR( (QUAL. ". 1.15 WI'" 6 AND .2 6f 

MINIMUM , .......... . 
~6 ....... 8. 

.. All .... 

4]!r···."·:· 111.01 •••• 

PADe • ". '.l.ll 

V.RUMers 

UHf8UAl 
foeiAL 

, 
I·A"l .-.", 

Of NOlI. ITt 

.::: 1:1:tt 

----------------------------.-------------------------------------------------------------------~---~--~--------------------
VMUIL!:I N. 

Lot N "lAN s'O on SfD'RIIOR NINIMUM .... IMUM va-I.NCn , Of ""'" • 1:1 

9:J 'f ,lI.Sft··15• "··Utl
'" 1:ftUIUJ lit· .. • .... • l ........... UNFQU.l ' •• 1" 1' •• .. ~ .. , 

11 •• 1 ~1l.1. I •• 1." ......... , ....... " .... EDU.l .. " ... -.. ..,,-~ 

'OR H'I VA-IANers ARt: EQUAL. ". S.I. WIT" Il AND • Of' PR08 » ". .... n 
--------------------------------------------------------~-~-------------------------------------------------------- ........ --
VARUBL!:I .... , 
Lot N MEAN s,o on S'O (RROR MINIMUM "A' I MUM VAAlaNCES T rtF PRCMt , III 

:UJ I~ I·U",..·1 ··un,s •• '.,
41,11.' ···,· .. u· , ......... UNEQU.L -l.Olll •• 1 '.M') • 6 ••• 0. .. .." •• ." • '5 I., ••• • .~o ••• o •• £QU.l -1.5l 6 '~.I '.1.1. 

FOR H'I VAAI.NC,.S .A£ (QUAL. ". U •• ' WIT" •• NO II nr ~ . ". . ..... 



VARIABLE' SP[CCnHO 
LOC 

9U 
fOR HIJ 

N MfAN 

12 1]55.Jl111J13 
6 1'45.1~66~~67 

YA~IAHCES ARE EOVAL, 

5 TAT 1ST I CAL A N A L , 5 I 5 5' 5 T ( M 

STO OEV 
109 ..... ,4171 
~9. O~6 75401 

STO EAAOR 

31.6'6561711 
40.4560.-044 

". 1.22 WITH II ANO 5 Of 

T TfS T PttOCfDUA£ 

MINIMUM MAXIMUM 

120.......... 15~ •.•••••••• 
250.00001000 521.00100010 

PROB > fl. 0.87116 

VAA"NCf~ 

UN'GUAl 
(QUAL 

T 

•• ,.10 
I. 912 

.,.. 
1,·1 A." 

...- ... ITt 

•• A.66 .. ~ .. 
---------------.---.--------.------.--------.------------------------------------------___________________ c ~ ____________________ .-. 

VARIABlE' T05 

LOC N MEAN 

:I:J • 9 .. 4.66666667 
4 9f10.7S000000 

'OR H" VAAIANCES ARE EQUAL. 

.-
000 
.- U1 a. --

STO DO 

76.40680598 
82.22479350 

f·. 1.16 WITH 

STD (AROA ""NtMUM MlXlMUM VAAIANCE! T OF PItOR • ITI 
25.4611'J511 846.00000000 1110.00000000 UNEOtIAL 0. 0810 '5.4 ....... 
41.11239615 921.00000000 00.00000000 EQIIAl 0.08 5 11.0 ,.9'.9 
J ANO .. OF' PAOR > F'. 0.7675 



VARIABLE' PH 
N "fAN 

1.985714l9 
8.14285114 

fOR H', VARIANCES ARE EQUAL. F'. 

S , A , IS' I CAL A N A L Y SIS 
'TEST PROCEDURE 

S Y S T E M 9'01 TUESDAY. fEBRUaRY 21. ,.19 

STO DElI STO ERROR 

8:nnUn 8:IUiUIY 
2.01 WITH 6 AND 6 Of 

1.300goo 08 
1.100 000 

MAXIMUM 

8 • .0000008 
8.4000000 

PROA » f'. 0.3960 

VARIANCES T Of PROR ~ IT I 

~~5~AL :8:=~:1 I~:I 1:::'1 
--------------------------------.------------------.------------------------------------------------------------------------------
VARIABLE' 8 
LOt N Mt:AN 

0.43857143 
0.l9000000 

FOR HO. VARIAHe£S ARE EQUAL. F'. 

STD DEV 

0 .. 63964648 
0.58106l25 

STO ERROR 

0.24116364 
0.21962089 

1.21 WITH 6 AND 6 Of 

MINIMUM 

0.04000000 
0.02000000 

MAXIMUM 

t ·~OOOOOOO .~OOOOOOO 

PROS ~ f'. 0.8215 

VaRIANCES 
UNEQUAL 
[QUAL 

T 

0.4549 
0.4549 

Of' PROB ~ ' TI 

I~:: I::~l~ 

----------------------------------.--------------------------------------------------------------------------------------------.--
VAAUBLE' F 
LOC N 

1 
1 

~AN 

FOR H', VARiaNCES ARE EQUAL. f •• 

STD DEV STO ERAOR 

1:21:114:1 8:Unlfn 
l.08 WITH 6 AND 6 Of 

MINIMUM 

0.40000080 
0.)00000 It 

MAXIMUM 

2.10000000 
1.50000000 

PAoe ~ f'. 0.1954 

VaRIANCES 

UNEQUAL 
EQUAL 

T 

0.5858 0.""5" 
Of' PROR ~ ITI 

fO.7 
~.O I:UII 

----------------------------.-----------------------------------------------------------------------------------------------------
VARIABl.E' AS 
LOC N MEAN STD DEV STO ERROR MINIMUM MAXIMUM VaRIANCES T M PROt! ~ ITI 

"So. 6 11.011001100 0.01113030 0.1041" ••• O.OOlOOOOO 0.03000000 UH£QUAL 0.1110 J.J •• 4981 "501 1 0.00114286 0.00614360 0.002548"4 0.00100000 0.02000000 EQIJAl 0.741" 11.0 1.473 

FOR H" VARIA~ES ARE EQUAL. F'. ).OJ wIT" 5 AND 6 OF PROR » Ft. 0.2102 

I ; 'J~ . n . 
• 



S TaT 1ST I cal a N a l , SIS S' S T f M 
II' •• W[ON(~nAY. I"f..-uaR' 'I'. • ,." . 

TT£ST PROC[i)UA[ 

VAAUBLr. MOl, 

LOC N MEAN 5TO on ,TO [AIlOR "INIMUM "AX I MUM vaAlaNCrs T f)F' PtIOR » IT. 

~I. , ···f· .... · ..... JZ •• 3 ··t"uua a·· .. OOOO• ••• 5 ...... ~QlI.l '·'1'6 1.A .. ,' .. ••• 4 ..... 0.011541123 o. .Z44 .'1000000 •• oz •••• o. .OtJal 0.1 n 11'1 •• '.4~ 

,OA .... VAAIANCfS AA[ EQUAL. , .. 1.19 "ITH • AND 4 0' PROS • f'. '.'53' 

----------------------------.-----._------------------------------------.------------------------------------------------------.--
V"'UBLr. 504 

lOC N STO on STO [AIlOR 

=119 l 
MEAN 

:15 •• 114215 11 
U9.1 2A5' 14 n:n~nr:t :

.'151,154 
3 .3553 110 

'OA .... YAAlaHC£S AA[ [OUal. f·. 14." "ITH 6 AND 6 Of 

MINIMUM 

U •• ooooo'" 
156.00000000 

MAXIMUM 

381.01 •• 0 ... 
3"1."0001100 

PROR • f'. ,.0053 

vaRUNen 
UNEOlJAl 
[QUal 

T 

0.1111 
0.8111 

IW """'» .T, 

6.1' I'.' 
-------.-------.------------.---------------------------------------.---.---------------------------------------------------------
VAAUBlE' NA 

lOC N MEAN STO on STO [AIIOA MINIMUM MUIMUM vaAlaNcrs T IW """' » IT, 

"106 , IU ... O' .... 10.59814206 4 ... 594196 118.00000100 160.00000101 UNEOlJAL 1.5111 p.i •• 11530 
"01 ., 134.285 1429 I.O~61491T 1.04I§'Ul1 I 1.000011000 1~'.lIooollnoo EQUal .I§lll i'.' '.I~" 

fOR H" VAAlaNC£S ARE [QUal. f·. '.13 .. ITH 6 AND 6 Of PROR • f'. 0.5217 

----------------------------.------.-------------------------------------------------------------------------------------------.--
VAAIABU. NHl 
LOC H MEAN 5TO orv STO [AIlOR "IHINOM MAXIMUM VAAIANCfS T OF "CM ~ IT! 

"SOt 4 0.1515"00 '.1"5,,00' '.JlnOlOO 0.01000100 0.40000001 UNEQUaL -It.97:14 'l.i' •. nit 
.,S. 5 0.31600000 0.466 618 o. 0" 4 "5 0.10000000 1.20000001 EQUAL -It. ""n 1.ft 0.4ft 

fOR .... VAAlaNCFS aRE EQUal. f·. 8.'0 "ITH 4 AND 1 OF PAO~ • f'. 0.1190 



S , A , 1ST I CAL A N A L T 5 I SST S T r " 

YAAI'BlE. SP[CCnNO 

lOC N M(AN 

=tIt I 1}:i:l:f::l!~ 1'~:I=l~lfl' 
STO DrY STO [RAOR 

4Z.M491'IJII 
4'.454.8144 

TTEST PftOC[DUA[ 

M'M,MUM M,.,MUM 
OIl' No. ~ ITI 

'011 H •• VAAIANCn Alii( (QUAl. ~'. 11.,......... 156f ••••••••• 
2S ••• 00.... 52 •• 0 •••• 0. 

PAOR ~ f' ••• 1'52 

T 

'.]15' 
'.3116 I,·. ,.7,..1 I.. .f,. .. 1.11 WITH 6 AND 5 Of 

----------------------------------------------------------------------------------------------------------------------------------TDS ,. 
M£AN 

4 .. :1I:nr::1I1 
STD l,",OR sTD ftlV 

14 • ..,f9H36 
12.2141915 • lr:lln:n~ 

fOR H" YARIANCFS ~~[ EQUAL, f.. 11.10 WITH J AND 3 Of 

-

M'NIMUM ........... : 
• 21 .... 0000 

.... IMUM 
96 •• 0 •• 0 ••• , 

1100.010000 • 

URlaHe[s 

UNEOUaL 
[QUAL 

, 



VAlUABLE I PH 

Lot N 

1.42000000 
1.14285" 4 

fDA HII VARIANCES AHE EQUAL, f·. 

S T A , 1ST I CAL A N A L Y SIS 

TTES' PAOCEOUME 

5'0 DEV 

8:·H::~~n 

STO tAADA 

0·f1301216 
O. 14321111 

2.98 WITH 4 AND 6 Of 

MINIMUM 

1.90001011 
1.100000 0 

Mali I MUM 

9.20000101 
1.4000000 

PROS> f'. 1.2250 

11~1 TUESOA', fF.AAUaAY 21, 1919 

vaRIANCn 

UN£OUAL 
£OUAL 

T 

I :I:n 
Of PAOft • I TI 

I:J,n 
----------------------------.---.-------------------------------------------------------------------------------------------------
VAAIABLEI 8 

Lot N MEAN STU OEV STD EAADA MINIMUM ..... IMUM vaRIANCES T M PADe • IT! 

:IU 4 S·)115OOOO 0 •• "5041 •• 0.~42~~433 0.02001000 1.40000001 UNEQUAL O.~O~I 5.5 1 ..... 1 
1 .29 00000 0.5" 106225 O. 196 0"9 0.02000000 .11000000 £QUAL 0 • . 1 1 Q.O .')60 

fOR HO. VAAIANCES AAE EQUAL. f'. 1.39 WJTH 3 AND 6 Of PAOR • f'. 0.661~ 

---------------.----------------------.-----------------------------.---.---.--------------------------------------------------.--
VARIABLE I f 

Lot N MEAN 

0.36000YOO 
0.S4A!»1 4] 

fUR HOI VAAIANC ES AAE EQUAL. f·. 

STD OEV 

0.)04'5901 
0.42670 .. 45 

STO EAAOR 

0.1363'1"2 o. 6128 01 

1.96 WIT" 6 AND 4 Of 

"INIMU" 

0.20000000 
0.30000000 

MAXIMUM 

r·9001000. 
.0;000000 

PAOA > f'. 0.~310 

VARIANCES T 

UN(QUAL -0.8928 
EQUAL -O.""I~ 

.-----------------------------------------------------------------------.---------------------------------------------------------
VAAIABLEI AS 

LOC N "t.AN 

WSOl 5 U.0I100000 
vSO 1 U.001"""6 

fOR HOI VAAIANCES AHE EUUAl, 

000 
N\o 
o 

S TO OEV STO fAMOA 

0.008lS415 
0.U6 4360 

0.00)64692 
0.00254""4 

ft. 1.46 WITH 4 AND 6 Of 

MINIMUM MAXIMUM VARIANCES T Of PAlM • IT! 

0.001 .. 100 0.02000100 UNfOUAL -0. 0321 1.6 0. 91Sf 0.00 00000 0.01000000 (QUAL -o.nll In.o 1.9'4 

PAOR • f'. 0.644Z 

1 



S TAT 1ST I CAL A N A l Y SIS S y. S T E M 

TUST PAOCft'UAE 

VAAuelfl MOLY 

lOC N MEAN STO n(V STO EPAOA MINIMUM "'''I'''''''' VAAUNe!! T DF' .. OR> I TI 

=IU ~ I::nu~u ,."~215IS g·I'S8 •• 11 0.01 000000 0.04000000 UNEQual 1·°,·7 1.1 '.405, 0.00 411 3 • 0 4494. 0.0 O,,,,liOO O.OloOOaoO EQllaL .1 2S ".0 0.14] 

fOR HII VARIANCF.5 AAf fQUAL. f·. 7.78 WITH Z AND 4 OF' PAOS > f'. 0.08]7 
---------------.-------.----.----------------------.----------------.---.---------------------------------------------------------
VAAUIl! I 504 

Lot H MUH 5TO no 

:IU , U8:fUlur: iJ:1U~:rfT 
"OR HOI VARIANCES AAE EOUAl. ". 

MINlNO'" 

f~::gggg:ggg 

MUIMUM 

440.0i:"i ftGVO 
1111.11110 nO\l ~ 

PAoe > "'. 0.5'41 

VAAl ,Hen 
UN[QUAl 
"QIIAl 

T 0,. ~ > ITI 

I:nn ••• 1·7'l)7 
1 n.n .176' 

----------------------------.---------------------------------------.-------.--------------------------------------------------.-. 
VAAI.elfl HA 

N MEAN 

140.00100000 
,34.2851142. 

STO OfY 

31.'''0005'1 
1..0o;614CJ17 

STO fAROA 

IS. 142654 •• 
1.14501117 

'OA "01 VAAIANCF'S ARE EQUAL. , •• 11.66 WITH 4 AND 6 0' 

MINIMUM 

1
22.00000000 
27.0011110000 

"'UIMUM 
200."0000000 
1"0."11000"00 

PAOS > r'. 0.0036 

vaRIANCES 
UNEouaL 
£QllAl 

T 

C. 'HOO 
".4 310; 

PAO" • In 

----------------------------.--------------------------------------------------------------------------------------------~--------
VAAUBlE. NHl 
lOC N MEAN STD DEV STD £AAnA MINIMUM MU IMIIM "aAI'NCf~ T ",. "0" > ITI 

=~U ~ O.~4666661 0.0"On904 0.1469"861 o·looc,ooOO 0.?4000000 UNF'QUAl -A·OJ~1 4.4 0.:":' O. 16""0-:«) 0.4"6 "18 D. 0" 4 " .. D. 000"000 1.1,,00nnOIl F.:QUAl - .'" ".11 0.444 
,.OA "01 vaAlaNCrS ARE fQUAL. ". 11.)0; WITH 4 AND 2 or ~~OA > r'. 0.OS"6 



S , I , IS' I elL A NIL , 5 ISS'S , [ M 

LOC Sloon N NUN 

I 1"4.' ••••••• 
6 '45. 666~66' 1":I~:'U:t 

SlO [RROR 

52.'UII214 
4O.4!"''''44 

fOR " •• V ... IANC£5 ARE (QUal. 'I. 1.4' vr'H 4 AND 5 OF 

M' NIMUM N •• lMUM 

1' ••••• 0..... 1511···.··· •• 151.00noo... 52 .ftoo.o •• o 

PAoe , Fl ••• 6969 

VAAlaNCfS , 

~auiL -:.314. 
EQUAL - .32.5 

Of' ""'" ~ I , I 

Y.' '.161' 
4.0 1.'~5' 

----.. _---------------------.---------------.------.-----------------------------------------------------------------------~----
VARIABLE I TOS 
lOC N NUN STD on 5Th fRRM M,NIMUM M •• ,NUN vaRiaNCES , .". NM ~ ITI 

=IU 4 ··'·n:· .... I U · 16,16t59 51···U.4,. .J •.• .., .... O 1100.OIooonol UN[QUAL -1.4973 ".5 ""'J 4 .". 00000 .2,.79350 4 .1121.6J~ • 1.00000000 oo.nooool'loo EQUAL -0.4.7' ".0 0.6'6 
FOR HOI VAAIANeFS ARE EQUAL. Ft. 1.15 WITH J AND 3 OF PNOA ~ Ft. 0.6l6' 



~ T , , 1ST I C a L A N A L Y' S I 5 5 Y S T E M AI55 TUESDAY. fERRO,AY 21, 191. 

TTEST PAOCEOUH[ 

VAAUBLEI PH 

Lot N MEAN STO DEY 5TO EAROR MINIMUM MAXIMUM VAAUNCn , OF PAOB > ITI 

=~n 11 
8.4JO,0300 
8.2 0 " 21 S'P64451I • 711042 s:unnn 1.90oogs00 

1.6000 00 
,.uooooog 
8. 000110 ro5OUAL 

QUAL y:tlU ~'A lit. I:UU 
fUR HO. VAAIANCES AAE EQUAL. Fl. 2 •• 4 WIT" 4 AND 12 Of PRoe > Fl. 0.1122 

-------.--------------------.---.-._----------------------------------------.--------------------------------------------------.--
VAAUBLEI 8 

LOC N 

4 
9 

MEAN 

0.]1250000 
0.19711718 

FOA HO. VAAIANCES ARE EQUAL. fl. 

sro OEV STO ERROR 

0.6ft504866 0.342524]] 
0.1~912]16 0.11~70712 

].64 WITH 1 AND 8 Of 

MINIMUM 

0.02000000 
0.00000000 

MAXIMUM 

1·40000000 
.10000000 

PROR > fl. 0.1219 

VARUNCES 

UNEQUAL 
EQUal 

T 

0.4815 
0.6114 

Of 

:1.8 
11.11 

----------------------------.--------------------------------------------------------------------------------------------------.--
VARUBLEI f 

LOC N MEAN 

U.]6000000 
U.25384615 

fOR ~Ol VARIANCES ARE [QUAL. fl. 

STO OEV STO EAAOA 

g:UU1~U g:UtnU~ 
4.10 WIT" 4 AND 12 Of 

MINIMUM 

0.201100000 
0.10000000 

MAXIMUM 

0.90000000 
0.70000000 

PAOB > F'. O.0~09 

VARIANCES 

UNEOt.AL 
EQUAL 

T 

0.1442 
1~0052 

OF PAOli) ttl 

4.1 
1".0 I:U" 

.---------------------------------------------------------------------------------------------------------------------------------
iARUHLE I AS 

.. OC 

(1501 
~!)OJ 

N 

5 
13 

MEAN 

0.00100000 
u.0091"'II!) 

' OR HOI VAAIANCfS ARE EQUAL. fl. 

STD OEV 

0.00815415 
U.0'110510 

STO ERROR 

0.OO36469Z 
0.00169011 

2.66 WITH 12 ANO 4 Of 

MINIMUM 

0.00100000 
0.00100000 

MAXIMUM 

0.02000000 
O.O~OOOOOO 

~H08 > fl. 0.1~61 

VARIANCES T Of PAOR) ITI 

UNEQUAL -0.53]8 
EQUAL -0.4]05 

12.1 0.6032 
,,..0 0.6125 



S TAT I 5 TIC A l A N A l Y 5 I 5 S Y S T E M 

TTEST PROCEDURE 

VARlAllE' MOLY 

~OC N MEAN S'rD DEV STD ERROR MINIMUM MAXIMUM VARUNcn T D~ PRO" > ITI 

WI" 1 O.Olll]]l) O.'15215U 0.10881911 0.01000000 0.04000000 UNEQUAL -0.1590 '.8 0.1"'. 
1110) 8 0.025110000 0.0160l5 0.00~6 941 0.01000000 0.05000000 EOtlAL -1I.15~1 •• n 0.""01 

FOR .. 0. VARIANcrs ARE EOUAL. "'. 1.10 WITH 1 AND 2 0,. PRoe • F'. 1.0000 
----------------------------.-------------------------------------------.------------------------------------------------------.-. 
VARlAllEi 504 

LOC N MEAN 5TD Of V STO ERAOR MINIMUM MAXIMUM VARIANCES T Of' PRO" > ITI 

:II~ 11 
111.lOOOOOOO 59oJ1fu T88 f6.19"U426 180.00000000 .. 0.00000000 UNEQUAL -0.n5~ ,., 

0.1 •• ' 
'1t6.8461~]85 59. I 08 10 6.)6~ 91l 18.00000000 435.110(01)0110 EQUAL -0.iJ11 1,..n 0.1" 1 

,.OR HO. VARIANCfS ARE EOUAl. "'. 1.03 WITH 4 AND Il 0,. PROtt • F'. 0.1t613 

-------.-------.------------.---.----------------------------------------------------------------------------------------------.--
VAAIAILE. NA 

lOC N MEAN STD OEV STO (RAOR MINIMUM MAXIMUM VaRiaNCES T Of NOR • ITI 

:In 11 
i40.OOOOOooo p.UOO059} 15.~4l65499 l~l.OOOOllooo lllO.OOOooooo UNEQllAl 0.0909 ".0 0.9'110 
138.531t46154 9.4"19560 5. 8113441 0.000011000 2110.00000000 EQIIAL 0.1164 1 .... 0 0.911'111' 

fOA HO. VARlaNCFS ARE EOUAL. Ft. 3.05 WITH 4 AND Il OF PROtt • F'. O.llOI 
----------------------------.-------------------------------------------.---------------------------------------------------------
VAAUBLES HH3 

lOC N MEAN STO OEV STO ERROR M'NIMUM Mill 'MUM vaRIINCfC; T Of PRO.. • IT! 

"~01 I~ 0.14666661 0.18082904 0.0.666661 O·AOOOO OOO 0.240011000 UNEQUAL -1I.lbI3 ".f> 0.''115 
" Ol 0.156666"1 O. 4131849 0.04081246 O. 1000000 0.400001100 EOIlAl -n.II~1 1'1.0 0 •• "96 

FOR MO. VARlaNCFS ARE fOUAL. F'. l.06 WITH II AND l nF PROA • Ft. 0.5441 



S TAT I _S TIC A L . A N A L Y SIS S Y 5 _t~" 

VAAlaRLE' SP£ctn~o 

LOC N MEAN STb OEV 
~Ol 5 p'24~nnoOOo - T1T.1}fll796 
WSO) 12 1~~5.)))Jl))1 IOq.4~8)4171 

fOR HOI _VARIANCES ARE EQUAL, Ft_ 1.17 WITH 

STO EAAOR 
!;l~ 81jeI204 
31.60"5617ft 

4 AND II OF 

TTEST PROCEOUAf 

MINIMUM 
I~Go.oooonGOo 
I?Oo.oonnnooo 

MA.IM~ vaAIANCES , 

1521.;'0000000' - UNr aljll---~Ci.~654 
5~4.nooonooo EQUAL -o.s??" 

PAOR ~ Ft_ 0.1550 

OF' 

t.o 
Io;.n 

PAOA ~ IT I 

O.6;A'r 0."0"" 
-------------------.--------.---.---------------------------.-------.----------------------------------------------------------.--
VARU8LEI TOS 

UJC N MEAN ~TD DEY !TO [RROA MINIMUM MAXIMUM YiRfiJlcn T" Dr ~In-

~In 4 -a46.25000000 1 U · 7"216959 i5.lIlIl3S4"0 8)9.00000000 1100.00000000 UNEQUAL -0.62SIl 4.' O.SIl,S 
9 984.66666661 .40680598 15.46 9)531 11146.00000000 130.0nOonooo [/lIJAL -O.l)OR It .0 0.4" Z 

FOR MO. VARIANcrs AAE EOUAL, Ft_ 2.14 WITH 3 AND S OF PWOA ~ Ft_ n.)4,,1 



S TAT 1ST I CAL A N A L Y 5 I S 

TTEST PROCEDURE 

S Y S 1 E M '156 TUESDAY. fEBRUARY 21 ••• 19 

VARIABLEI PH 

LOC ' N MEAN 

9:U39YU: 
fOR H'I VA~IANCES ARE EQUAL. f •• 

STO OEV STO ERAOR 

8:n.:nU ::uunn 
1.44 VITH 4 AND 6 Of 

MIN(MUM 

1.90000000 
1.)0000000 

"UIMUt4 

9.20000000 
8.4000nOOo 

PROR > f'. 0.65~1 

VARIANCES 

UNEQUAL 
EQUAL 

T 

l:tU1 
or PROR ~ ITI 

1.1 
tn.1 1:lft' 

--------------------------------.---------------------------.-----------.---.--------------------------------------------------.--
VARIABLE I B 

LOC N MEAN STO OEV STO (AADA MIH(MUM ""(MUM VARIANCES T or PRO" ~ IT I 

=111 ~ O.31nOOOO o .61'50486t 0·1421l4l3 0.02000000 t·40000000 UNEQUAL -0.1 516 6.0 '.8"19 0.4) lh) 0.6396464 o. 41 6) 4 0.04000000 ."0000000 EQUAL -0. 609 9.0 0.81 

FOR HII VAAIANCES ARE E~AL. f·. 10 15 VITH 3 ANO 6 Of PROR > f'. 0.8011 

----------------------------.-----.-----------------------------------------.-----------------------------------------------------
VARIABLE I f 

LOC N MEAN 

0.361000,0 
0.1142ft!» 1 

STO OEV 

::n::uu 
STO ERAGA 

::U'lfUJ 
MIHIMUM 

0.20000000 
0.40000000 

MAXIMUM 

0.90000010 
2.10000000 

fON HOI VAMIAHC~S AME EQUAL. ft. 4.01 VITH 6 ANO 4 Of PAO" > F'. 0.1958 

VARIAHCES 

UNEQUAL 
£QUAL 

T 

-t· 3141 
- .1114 

9.2 
1ft.0 

PROfI ~ ITI 

t.U15 
0.2'63 

----------------------------------------------------------------------------------------------------------------------------------
VARIAII.EI AS 

LOC N fi4t.AH STD OEV STO ERAOR M(HIMUM MAX I MUM VARIAHCES T OF PIt08 ~ ITI 

VStl 5 0.00100uoO 0.OO8}5415 0.00)6469l 0.001"010 O.OlOOOttOO UNEQUal -0.6645 ".f' 1.5?r. 
VS06 6 V.OIIOOOOO 0.011 )0)0 0.004188"" 0.00 00000 0.0)000000 EQUAL -Cl.b416 9.0 0.5] I 

fOR "'I VARIANCES ARE EQUAL. ft. 2.11 V(TH 5 ANO 4 Of PAOe > Ft. 0.5009 



5 , A TIS TIC A l A N A l Y 5 I 5 5 Y 5 T E M 

TTEST PROCEDURE 
VARiaBLE I MOLY 

lOC N M£AN 5TO OEV 5TO ERROR MINIMUM MAXII4UM VARIANCES T IW PltO" • lli 

:Ul J a"ul]]]] 
.0 00000 '.1l!~15'5 0.016 2'1 J 

........ 91' 
0.0061 2 ] O'OAOOO' OO 

0.0 000000 
',""000' UN£QIJAl 0.lO91 '.i •• jif· 
O.O~OOOOOO EQtlAl. 0.1005 ".0 o. 1 4 

'OR H', VARIANCrs ARE EQUAlt Ft. 1.1. WITH 6 AND l Df' PAOR • f't. 1.0000 .. . . . .. 
----------------------------.--------------------------------------------------------------------------------------------------.--
VAR IaBLE I SO. 
Lac N 

=111 , 
MUN 

11 •• l00000,0 
'56.114285 1 

STO 00 

59.'22 ..... 
2"3'10919]0 

STO EAROR 

26.19.13426 
8.0850015. 

MINIMUM 
l ...... OOOOO 
12'.00001)000 

MAXIMUM 

,,'.00000 •• ' 
381.1I000nooo 

'OR HOI YARIANCf'S ARE EQUAL. Ft. 1.85 WITH. AND 6 Of' PROA • ,t. O.'Z'I 

VARIANef.S 
UNEQUAL 
EQIIAL 

T 

0.1616 
0.8811 

IW 

.i.i 
1!t.0 

~". ITI 

0.41" 
0.]051 

---------------.----------------------------------------------------.---.------------------------------------------.-----------.--
VARiaBLE I NA 

LOC 

WSOI 
wsOt. 

N 

5 
1 

M£AN 
140.00000000 
,.2.00000000 

STO DEY 

)).16000591 
10 ."!'I1I14206 

STO fRROR 

15. 14Z65.9. 
•• 005'.1'16 

fOR HOI VARIANCES ARE EQUAL. f·. 10.21 WITH. AND 6 Of' 

MINIMUM 
122.00000'.0 
12".000noOoo 

MAXIMUM 
200.00000000 
160.00000000 

PAoe • ,t. 0.0152 

vaAIANCES T OF PttOA. ITI 

UN[Q('AL -0.1211 4.6 0 •• n3. 
EQUAL -O.I.~9 In.1I 0.~~46 

.---------------------------.-----._--------------------------------.----------------------------------------------.-----------.--
VARUBlEI NH) 
lOC N 

wscn 
WS06 

3 • 
HElN 

0'1.666661 
O. 5150000 

FOR HOI VAAIANCFS ARE EQUAL. fl. 

STO OEV 

0 •• ,,082.14 
0.16500000 

STO EAAM 

0 ••• 666661 
0.08250000 

..11 WITH 3 ANO 2 OF 

H1NlMulo4 

0.10000100 
0.03000000 

Io4U1MUM 

0.24000000 
0 •• 11000000 

PROA • ,t. G.l •• 1 

VAAI.NC£~ 

UNEoual 
[QUAL 

, 
-0.114] 
-0.1030 

4.11 ".0 0.'11]'1 
0 •• '" 



'VAAljBlti - SPECCOHO 

5 TIT 1. S TIC I L . I NIL Y SIS 5 Y 5 -LE... -- -n"'-l'rDNnrrir.-nMO'ltf -0-. -rm 
TTEST PROCEDURE 

LOC N MEAH 5'0 DEV 5TO fRAOR 
-115.(- ' - TI24.Hn60Of 11I.·,,94n96 ~jji}ci4 

VS06 7 1'~l.142A~114 13.]A346230 42.A54920~A 

NIHIMUN 
-·l •••• ooooOio 
hoo.oooOOOOO 

NUINtIN VaRIaNCfS T 
152 r~ OOooOioo----UNraUit- --';';0.5122 
1562.00000000 E~'ll -0.~'6~ 

M PROR ~ ." 
-.4 -- .. I.5ill '".n '.~170 _'OR HO. VARIINCF5 IRE [QUIL. ". 1.09 VITH " IND 6 OF PROB ~ F'. 0.8811 
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A~PENDIX AS.3.1 

This Appendix is in three parts: 

AS.3.1A - Summary Tables for Regression and 
Comparative Analyses 

AS.3.1B - Linear Regression Data for Alluvial Wells 

AS.3.1C - T-TEST Procedure Results for Alluvial 
Wells 
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Table AS. 3. 1A-1 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TIME 

Alluvial Well WA01 

riO. OF ESTIMATE L L* 
PARAMETERS 08S. OF SLOPE (95~ Conf) 

pH 13 -0.1819 -0.428 

B 8 -0.111 -0.223 

F 13 -0.417 -0.877 

As 11 0.00313 -0.00057 

504 12 -92.8 -154.6 

Na 13 -8.73 -28.8 

NH3 12 0.0596 -3.62 

Me 8 0.0116 -0.0072 

* lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
{95% Conf} 

0.066 

0.001 

0.043 

0.00683 

-31.0 

11.4 

3.74 

0.0304 

IS SLOPE 
5 I Gt4I FI CANTL Y 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? (95~ Conf) 

-1.60 N 

-2.36 N 

-1.98 N 

1.88 N 

-3.31 Y 

-0.95 N 

0.04 N 

1.46 N 
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Table AS.3.1A-2 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TIME 

Alluvial Well WA02 

NO. OF ESTIMATE 
PARA~IE7ERS 08S. OF SLOPE 

pH 5 0.105 -0.947 
8 4 -0.712 -2.151 
F 5 - 1. 351 -3.40 
As 4 -0.00392 -0.010 
SO 5 -69.9 -208.0 
Na 5 -53. 1 -117.0 

NH3 5 -0.0917 -0.756 
Me 3 0.00672 -0.0630 

* Lower and Upper Limit~ of slope ba sed on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
9S ~: Conf) 

1.157 

0.727 

06.78 

0.00219 

68.0 

10.8 

0.572 

0.0764 

IS SLOPE 
SIGNIFICAtHL Y 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? 95-; Conf) 

0.28 N 

-1.58 N 

-1.85 N 

-2.05 N 

-1.41 N 

-2.31 N 

-0.38 N 

0.41 N 
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Table AS.3.1A-3 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TIf~E 

Alluvial Well WA03 

NO. OF EST U1ATE L L* 
PARAMETERS OBS . OF SLOPE (95% Confl 

pH 11 -0.00688 -0.321 

B 6 -0.171 -0.392 

F 11 -0.381 -0.717 

As 9 0.00248 -0.0147 

S04 11 -0.889 -18.8 

Na 11 -29.9 -58.0 

NH3 10 -0.0114 -0.102 

Mo 5 0.00146 -0.00582 

Level 33 -0.2033 -0.5709 

* lower anG Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
(955, Conf) 

0.321 

0.05 

-0.045 

0.0197 

17 .0 

-1.78 

0.0789 

0.00874 

0.1643 

IS SLOPE 
SIG:UFICANTLY 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? (95% Conf) 

-0.05 N 

-1.99 N 

-2.53 Y 

0.33 N 

-0.11 N 

-2.37 Y 

-0.29 N 

0.56 N 

Y 
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Table A5.3.1A-4 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TIME 

Alluvial Well WA05 

~IO. OF ESTI'1ATE 
PARAMETERS OBS. OF SLOPE 

pH 6 -0.0716 -0.370 0.226 

B 5 -0.273 -0.651 0.105 

F 6 -0.770 -2.59 1.05 

~s 6 -0.00496 -0.0250 0.0150 

S04 6 -b7.4 -136.6 21.8 

:~a 6 -25.9 -79.1 27.3 

~'H3 5 -0.107 -0.604 0.390 

He 5 -0.000478 -0.0244 0.0234 

Level 33 -0.000409 -0.8580 0.8572 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom 

T FOR Ho: 
SLOPE = 0 

-0.62 N 

-2.01 N 

-1.09 N 

-0.64 N 

1.86 N 

1.25 N 

-0 ,60 N 

-0.06 N 

N 
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Table AS.3.1A-S 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TII~E 

Alluvial Well WA06 

riO. OF ESTIHATE L L* 
PARAMETERS OBS. OF SLOPE (95% Conf) 

pH 11 0.0609 -0.260 

B 6 -0.390 -0.773 

F 11 -0.357 -0.698 

As 10 0.00320 -0.0117 

S04 11 - 41. 9 -64.4 

Na 11 -32.1 -58.5 

NH3 10 -0.0828 -0.268 

Ho 5 -0.0103 -0.0228 

Level 33 -0.05 -5.4430 

* lower and Upper limits of slope based on 
standard error of the estimate and the 
t-statlstic for the no. of degrees of freedom. 

U L* 
(95% Conf) 

0.382 

-0.007 

-0.016 

o 0181 

-19.4 

-5.70 

0.lC2 

0.0022 

5.5430 

IS SLOPE 
SIGNIFICANTLY 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? (95% Conf) 

0.42 N 

-2.62 Y 

-2.34 Y 

-0.49 N 

-4.15 Y 

-2.71 Y 

-1.01 N 

-2.29 N 

N 
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Tab 1 e A5. 3. 1 A -6 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TIt~E 

Alluvial Well WA07 

flO. OF ESTIMATE L L* 
PARAMETERS OBS. OF SLOPE (95% Conf} 

pH i2 -0.103 -0.210 

B 7 -0.337 -0.661 

F 12 -0.361 -0.771 

';S 11 0.00216 -0.0109 

504 12 -31.6 -80.3 

~Ia 12 -52.7 -100.6 

Wi3 11 -1.05 -2.71 

Ho 6 0.00188 -0.0354 

* lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
{95% Conf} 

0.0035 

-0.013 

-0.011 

0.0153 

17. 1 

-4.8 

0.61 

0.0392 

IS SLOPE 
SIGNIFICANTLY 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? (95% Conf} 

-2.12 N 

-2.55 Y 

-2.27 Y 

0.37 N 

-1.43 N 

-2.42 Y 

-1.41 N 

0.13 N 
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Table A5.3.1A-7 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TIf1E 

Alluvial Well WA08 

riO. OF EST I MATE L L* 
PARAMETERS OBS. OF SLOPE (95 ~; Conf} 

pH 8 -0.0923 -0.352 

B 7 -0.108 -0.229 

F 8 -0.0851 -0.206 

;5 8 0.00301 -0.00011 

504 8 4.27 -26.0 

:la 8 -21.4 -58.5 

NH3 7 0.369 -0.721 

Ho 6 0.00699 -0.0133 

Level 33 -0.08 -3.7352 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-sta t istic for the no. of degrees of freedom. 

U L* 
(955~ Conf) 

0.168 

0.013 

0.0359 

0.00613 

34.6 

15.7 

1.46 

0.0273 

3.5752 

IS SLOPE 
SIGrU FICANTl Y 

T FOR Ho: DIFFERE~n FROM 
SLOPE = 0 ZERO? '95 ~ Conf) 

-0.84 N 

-2.20 N 

-1.66 N 

-2.28 N 

0.33 N 

-1.36 N 

0.83 N 

0.88 N 

N 
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Table AS. 3. 1A-8 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TIf~E 

Alluvial Well WA09 

NO. OF ESTIMATE L L* 
PARAMETERS 085. OF SLOPE (95% Conf) 

pH 8 -0.012 -0.323 

B 7 -0 . 0171 -0.318 

F 8 -0.0877 -0.1991 

As 8 0.00284 -0.0004 

504 8 -7.54 -69.5 

Na 8 -7.00 -18.3 

NH3 7 -0.252 -0.918 

Mo 7 -0.00761 -0.0256 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom . 

U L* 
(95% Conf) 

0.179 

0.284 

0.0243 

0.00608 

54.4 

4.34 

0.414 

0.0104 

IS SLOPE 
SIGNIFICANTlY 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? (95% Conf) 

-0.68 N 

-0.14 N 

-1.85 N 

2.08 N 

-0.29 N 

-1.46 N 

-0.93 N 

-1 . 03 N 
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Table A5.3.1A-9 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TmE 

Alluvial Well WA10 

NO. OF ESTIMATE L L* 
PARAMETERS OBS. OF SLOPE (95% Conf} 

pH 7 -0.154 -0.312 

B 6 -0.183 -0.407 

F 7 -0.0747 -0.228 

As 7 0.00375 -0.00039 

504 7 -19.6 -37.6 

Na 7 -7.92 -31.4 

NH3 6 -0.0487 -0.268 

Ho 5 0.00533 0.00166 

* l ower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no . of degrees of freedom . 

U L* 
(95% Conf) 

0.004 

0.041 

0.0783 

0.00789 

-1 6 

15.58 

0.170 

0.009 

IS SLOPE 
SIGrUFICANTLY 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? (95% Conf) 

-2.38 N 

-2.10 N 

-1.19 N 

2.22 N 

-2.66 Y 

-0.82 N 

-0.57 N 

4.04 Y 
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Table A5.3.1A-10 

LINEAR REGRESS ION OF WATER QUALITY PARAMETERS VS TII~E 

Alluvial Well WAll 

rIo . OF ESTI:1ATE L L* 
PA RAMETERS OBS. OF SLOPE {95;'; Conf} 

pH 8 -0.0811 -0.344 

B 7 -0.080 -0.237 

F 8 -0.0403 -0.0996 

As 8 0.00247 -0.00098 

S04 8 -10.7 -50.7 

~a 8 -3 . 91 -13.2 

NH3 7 0.704 -0.205 

Mo 5 -0.00651 -0.0530 

* Lower and Upper Limits of slope based on 
standard error of the estima te and the 
t-statistic for the no. of degt'ees of freedom. 

U L* 
(95% Conf) 

0.182 

0.077 

0.019 

0.00592 

29.25 

5.33 

1.61 

0.0399 

IS SLOPE 
SIGNIFICANTLY 

T FOR Ho: DIFFERENT FROM 
SLOPE = 0 ZERO? {95~ Conf) 

-0.73 N 

-1.25 N 

-1.61 N 

1.69 N 

-0.63 N 

-1.00 N 

1. 90 N . 
-0.39 N 
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Table A5.3.1A-ll 

LINEAR REGRESSION OF WATER QUALITY PARAMETERS VS TIt1E 

Alluvial Well WA12 

NO . OF ESTIMATE L L* 
PARAME7ERS OB S. OF SLOPE (95% Conf} 

pH 8 -0.0654 -0.327 

B 7 -0.680 -1.81 

F 8 -0.209 -0.505 

As 8 0. 00219 -0.00131 

S04 8 -9 . 75 -29.4 

~Ia 8 -79.6 -195.0 

NH3 7 -0.123 -0.382 

Mo 6 -0.00140 -0.0175 

* Lower and Upper Limits of slope based on 
standard error of the estimate and the 
t-statistic for the no. of degrees of freedom. 

U L* 
(95% Conf) 

0.197 

0.45 

0.0865 

0.00569 

9.85 

36.0 

0.136 

0.0147 

IS SLOPE 
SIGNIFICANTLY 

T FOR Ho: 01 FFERENT FRor1 
SLOPE :; 0 ZERO? (95% Conf) 

-0.59 N 

-1.48 N 

-1.67 N 

1.48 N 

-1. 18 N 

-1.63 N 

-1.16 N 

-0.22 N 
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Table AS.3.1A-12 

T-TEST PROCEDURE SUMMARY FOR BETWEEN STATION COMPARISONS OF ALLUVIAL WELLS 

Locations Locations Locations Locations Locations 
Variables WA03-WA05 WA03-WA06 WA03-WA08 WA06-WA05. WA06-WA08 

pH R R R R R 

B R R R R R 

F R R R R R 

As R R R R R 

Mb R A R R R 

504 R A A R A 

Na R A R R A 

NH3 R R R R R 

Spec Cond R A A A A 

TDS R A R R R 

Level R R R A R 

Note: Table entries indicate acceptance (A) or rejection (R) of 
null hypothesis 

Locations 
WA05-WAOO 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

Ho: The paired station means are not equal (90% confidence limit). 
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------------------ ---------------------- -------------- ------- LOC a l/All --------------------------------------p~----------------------
08~ U "0 olsson ItOLY SJ' flA NHJ T!tltO PHOl I'Al02 HEOl Pili: 04 RlSl'll IIl'iltll .iSID) lUlU 

;~ 74 10 · 'dO · BS 11.10 7'. noo 0.OJ~6U9 U6.2F Fl.S5S 0"$1'31 • - 6. (22 )S1.'~ -0.J6~1J 
75 5 1t.0l 4911 15 1.111 15. ])JJ 0."3 II , UO.S ] 16.145 O. l 44J -0.0151105 9.«11 -176.14 tl. US6 

~2 15 9 0.06 490 140 O"g IS.6667 0.035)401 '17.la] 19~.6ZS 0.352479 0.024659 12.117 -U.,.62 -1.lSlU 
~~ 71S S • &,., '" 0 .. ~ - ,. ~,--oTVj t-e lI~-no-t'''r-tt-e. ~ II ~ til tro" 1 • :H:Bf ,.,. ~a "'f'W U U 'V • O.Ul 446 H~ 0.10 J~.7508 o.0~le2~ 46~.~'9 21~.,~~ O."V~46 -8. 0031111 -H·" -0.1 9) 

6.6 1t.1I SIll • .003 0.0 20~66 45. 29 11.9 O. 65 30 - • ~1 0 7 .01 • 96 n 3 6.2 1J.02 "0 1]0 0.0] 7801667 0.018 27 452.904 100.125 0.OHl''' -1I.0llaH -H.YDt. 2.,.27 -1.11515 
H 18 , 7., o.1t~ IZO '~0011~"~1tr---1I. Ol11 , 11 • "'oOt-!--6o-rt't r--~ ,~ 0loure7 -llnia ''''0) , . .,.,..-



APPENDIX AS .3.1C 

T-TEST Procedure Results 
for 

Alluvial Wells WA03, WAOS, WA06, WA08 

119 
1050 



_ STATISTICAL A N A l Y SIS S Y S T E M 

TTEST PROCEDURE 

VAAl_alE' MOLY 

lOC ~ MEAN STD OEV STD ERROR 

WAt3 - ! 0.-01140000 - --o.tOgl318 .... 10160000 
WAO~ 5 0.02800000 0.01Q235JA 0.00A6021J 

fOR HOI _ VARIANCfS ARE EQUAL, F'. 10.95 WITH 4 AND 4 OF 

MINIMUM 

0.00100000 
o.o}Onoooo 

MAXIMUM 

0.02000000 
0.111'10011000 

PROR > F'. 0.0397 

VARIANCES 

',..[GHll 
EnllAL 

T 

-1. 1.,.5 
-1.179~ 

OF 

4.1 
A.O 

PAOR > ITI 

t.lo" 
0.n21 

---------------.------------.--------------------------------------_.---.--------------------------.---------------------------.--
VAAU8lEt S04 

-- LOl N 

WAOl 
VAtS 

NUN 
]60.45454545 
:112.3333)333 

$TD D[V 
11 .. ,. 393642 
97.l4200A7§ 

STD £AAOA 

5'Jl iet 174 
39. l~70866 

fOR HOt VARIANCES ARE EQUAL, Ft. 76.40 WITH 5 AND 10 OF 

MINIMUM 

330.00000000 
251.000011000 

MaXIMUM 

400.00000000 
500.1100(101)1'0 

PROA > Ft. 0.0001 

VARnNa~ 

UNF.:OUAl 
EOUAL 

T 

0.9495 
1.?AA6 

DJ! PSRHr j IT 1 

~.1 0.1845 
,1\.1' 0.2111 

------------------------------------ ~-------------------------------.---.---.- -------------------------------------.-----------.--
vAlltiAU. NA 
lOC N MEAN STO OEV STO ERROR MI~IMUM MAX I MUM 

WAOj 11 136.21 212727 jl~9)702916 li.4JA44467 120.00000000 250.nooooo06 
WAO~ 6 118.0000nooo 56.50840645 ~).069460)3 130.01100 00011 29 0 . 11 0001'1100 

fOR HOI vaAIANers AAE EQUAL, Ft. 2.22 WITH 5 aND 10 OF PROA > Ft. 0.2655 

VARIANCES 

lIN[Otl Al 
fQ UAL 

T PAO .. > IT I 

0.146] 
0.1'''''' 

.--------------.------------.---.-----------------------------------.---.-------- ---------------------------------------------.-. 
VAAU8lEl NH3 

lOC N 

WAOJ 
WADS 

10 
5 

MEAN 

0.07800000 
0.24000000 

fOR HI. VAAlaNC~S ARE [QUAL, Ft. 

.... 
o 
OIN .... a 

Sf 0 DEV 

0.01'1795423 
0.26076810 

STO ERROR 

0.021489112 
0.11661904 

14.13 WITH 4 ANn 9 OF 

MINI~M 

0.010111'000 
0.101l0nooo 

MAX IMIIM 

0.70000000 
0.1OnonnoO 

PROR > F'. 0. 0011 

VARIANCES 

UNEOtlAl 
EQIIAL 

T 

-1.1661 
-1.91'44 

OF PAO.. > I TI 

0.?400 
0.0792 



VARU8lti PH 

lOC 
--VA IT 

WlO5 

N MEAN 
II -----, .lz1l7Z7J 

6 a .1l]]]]]3 

_ -'Of' tt'~_VARUNC[s ARE EQUAL, ,t. 

S TaT 1ST I CAL A N A L Y SISSY 5 T E H 

STO DEY STO ERROR 

'·Pl,n.n O. " 41519 
t·tf108Z61 o. 45031 

1.40 WITH 10 ANO 5 OF 

TT£ST PROCEDURE 

MINIMUM 

1.5000011' 
1.AOOOO~00 

MAXIMUM 
1.40000001 
1.5000nooO 

PR08 > Ft. 0.1451 

VARIAN(;[5 

UNrDUAL 
EQUAL 

T 

-I.un 
-0.031~ 

PAOlI > ITI -..,., .. 
O.en!}] 

----------------------------.-------------------------------------------.------------------------------------------------------.--
YARIABlEI • 

---uJC - - - --1f 

_ =Ut _ __ _ l 
MUN 

8:Un~:U 

~TO!RAOA 

0."140254 
0.101541C;1 

MINIMUM 
0.01000000 
O.OMOOOOO 

-MunUf 

0.10000.00 
I.~OOOOOOO 

FOR "0' YARIANCFS ARE EQUAL. Ft. 3.05 ~ITH 4 AND 5 OF PAOR > Ft. 0.2511 

v AltTINen 
UNfQUAl 
EQUAL 

T 

=1:111T 
-.w-~i -m 
t., i 0,3"_,-•• n 0.161 

----------------------------.-------------------------------------------.---------------------------------------------------------
VARUlilt I .,-

LOC N MEAN S'O Of V 5'0 ERROR MINIMUM "All I MUM 

- - WAU n r.~On121l O~46426481 1I.11991111 0.10000000 l.caooonooO 
WA05 6 1.]1066661 1.86311151 0.160~"199 0.2000nooo S.oooonnoo 

_ TOftJtll... VAR.l&NCES......A~LEQUAL. _f t • __ 16. 12 WITH 5 A~O 10 OF ___ PROS> Ft. 0.0001 

VARIANCES 
UN£QUAL 
EQUAL 

T 

-1.0461 
-1.'\919 

OF PAOR > IT I 
~.j •• ]40A 
I~.O 0.1~25 

-------.--------------------.----------------------.--------------------.---.--------------------------------------------------.--
VAAIABlEI AS 

LOc l4 M£AN sTO Dh STO tAAOA MINI"'lIM MaxiMuM lIaAhHe£S T OF "AOA > ITt 

WA03 9 0.00922222 0.016460]9 0.00548680 o.oOloaooo 0.05000000 UNEQUAL -0.50154 9.1 0.6~45 
WlO5 6 0.01400000 0.01115136 0.00169148 0.00 00000 o.nsoooooO EQUAL -0.5203 1'.0 0.6116 

FOR "01 YAAIANCFS ARE EQUAL. Ft. 1.31 WITH 5 AND 8 OF PAOR > Ft. 0.6963 



S rAT 1ST I CAL A N A L Y S J S 

VAAI.8L(1 SPtccnNO 
LOC 
VAU 
WA05 

N MEAN STD OEV 
T2i~nd6~l5 
113.4Q219101 

STO ERROR 
36.50665059 
54.49196123 

.fOR HOI VARIANCES ARE CQUAL. f •• 1.22 WITH 5 AND 10 OF 

TTEST PROCEDURE 

MINI"UM 

l ~OO.OilooooOO 200.00000000 

"UI"U" 

}5'59.00000000 
521.110000000 

PROB > f •• 0.1)89 

VARIANCES T 
UWr.OUAL - -If.§"GH 
EQIJAL O. Ii 115 

PROA • IT! 

6."711 
0.6'23 

------------------------------------------------- ------------------------------------------------._------------------------------
VARUBLEI TDS 
LOt N M£All sfl>brv Sl.r "£RAoR MINIMUM "'AKIMO" v.AIANt£s T nr - PR"ftl{ • ITI 

"A'~ 1~ 95~.lOOOOOOO 66.0"2524," 2°·I4J1F8 9Q A01.00000000 1022.00000noo UNF.QUAL -0.1546 4.9 0.".]] VAO " 96 .40000000 138.~95H7 II 61. 92 25M 851.00000000 200.nooooooO EOUAL -0.1953 11.0 0."482 
fOA HOI VARIANCFS ARE EQUAL. f·. 4.J9 WITH 4 AND 9 OF PROR > F'. 0.0612 



L 

MEAN 

::In~nn 

5 TAT 1ST I CAL A N A L Y SIS S Y S T E ~ 

TTEST PROCEDURE 

STD DEV 

z:-unnn-
STD ERROR 

•• p4!nn -
o. 0365231 

1.50 WITH 10 AND 5 OF 

MINIMUM 

1 .... 000000 
1.40000000 

MAXIMUM VARIANCES T Dr PROR •• TI 
A~ ~606jj6t.---uNraUlL---"-' .-..H ....... ~r- -----n ~-4-- - -... 1iW 
8.~noooooo EQUAL -0.2lQ5 f~.o 0.81l9 

PROR > ft. 0.6636 • • • • • • .o 4.- _ ....... _. 4 . . 

----------------------------.---.-----------.---------------------------.---.--------------------------------------.-----------.--
VAAIABLE' 8 

----r:ut" -- ------MElN - $TD DrY -- ~TD [RAlJA -

WAI5 5 0.41600000 IIA 6 ______ 6 ___ 0.39000000 ~ •• ~6364f9f51 ~ If154158 
U:::J 1 6 0:2 889114 

fOR HO. VAAIANcrs ARE EQUAL. f·. 1.33 WITH 5 AND 4 OF 

NfNfJQJM 

0.08000000 
0.06000000 

- - "anNUM 
1·20000000 

.40000000 

PROB > F'. 0.8025 

VA"IANCES 

UNEQUAL 
EQOAL 

0'I I Q3 
O. 116 

- -
---------------.------------.------ --------.---------------------------.------------------------------------------------------.---- - --- VARnSl£. ,-
LOC N M(AN STD OEV STO ERROR MINIMUM MAXIMUM VARIANCES T or PRO .. > iT j 

-- lIlOs - -6" r;31666667 & .8631715) 0;76088399 0.20000000 5.00000000 UNF.:QUAL i .0045 iii.' i.j~8. 
"A06 11 .5400(1000 .40;633321 0.13 15ft9"4 0.30000000 1.QOOOOOOO EQUAL 1."1439 lli.O O.lQQO 

_ fOR _HO VARIANCES _ARE EQUAL. Ft. 16.68 WITH 5 AND IO _DF _ PROB ) ft. 0.0003 - - - - - ~ -- - - -. ~ - . -. - - ----_ ... _ .. 
.---------------------------.-----------------------------------------------------------------------------------------------------
VARUBLEI AS 

lOC N MEAN STO OEV 5TO ERROR MINIMUM MAXIMUM VARIANCES T OF PRO':' .; Tt 
WA05 6 0.0&400000 0.01885136 0.00769848 0.00200000 0.05000000 UN£QUAL 0.0;693 Q.I 0.5130 
WA06 10 0.0 880000 0.01554118 0.00491664 0.0010000 0 0.00;000000 EQUAL 0.59Q2 14.0 0.51\86 

fOR HOI VARIANCFS ARE EQUAL. f·. 1.41 WITH 5 AND I) OF PROB > Ft. 0.5186 



VAAl'BLE. 
LOC 

WAO~ 
WAG6 

MOLY 

N MEAN 

0.02800000 
0.03600000 

fOR "I' VARIANCES ARE EQUAL, Ft. 

S T 1 TIS TIC A L A N A L Y 5 I S S Y S T E M 

TTEST PROCEDURE 

5TD DEV 

o;Oit23Sl8 
0.01l4017C; 

2.8S WITH 

STO ERROA 

0.00116021) 
0.000;099"2 

4 AND 4 Of" 

MINIMUM 
0.01000000 
O.O?OOOOOO 

MAXIMUM 

0.06000800 
0.0<;000000 

PROR > Ft. 0.3353 

VARiaNCES 

UNEQUAL 
EOUAl 

T 

-G.80ftO 
-o."ono 

PAD" > ITI 

e.iln 
0.4468 

-------~----------------------------------------------------.-------.-------.--------------------------------------------------.--
YAR .. ilEa 504 

lOC H 
6 

11 

"fiN 

~~~:~nn~n 

STD DEV 

91.34200"lS 
40.6?041S83 

5TO ERROR 

)9. JJ9JO"66 
12.241S161ca 

fOR HI. VARlaNCFS APE FDUAl, ft. 5.14 WITH 5 ANO 10 Of 

"INlMUM 
2S1.00000000 
26ft.nooooooo 

MUIMlM 
500.00000000 
400.00000000 

PPOR > Ft. 0.018" 

VARIlNCf~ 

IJNfOtJAl 
EQUAL 

T 

-0.3352 
-0.4l0q 

0.14'9 
O."l.R 

----------------------------.---.-----------.-----------------------.---.------------------------------------------.-------------
YAAh8L£1 NA 

lOC N "'EAN !'iTO OEV STO fRROR 

VAOo; 6 110.00000000 56.5n840645 23.06946033 
WA06 II Ift8.163~16J6 3l.~q59)109 11.)30;6011ft 

fOR "0. VlRIANerS ARE EOVAL, ft. 2.26 WITH 5 AND 10 Of 

MI~!MUM 

130.00000000 
If,,,.,,o,,onooo 

MUIMUM 
290.0000nooO 
3n9.nnoooooo 

PROR > Ft. 0.25S5 

vaRlaNCfS T Ot Pttn" > I TI 
UNFOIIAl -0.401? 1.e; 0."9I1i 
fOUAl -0.4liliA 1"'.1) 0.""50 

----------------------------.---.---------------------------.-----------.---.-----------------------------------------------------
VARIABLE' NH) 

l OC N .. rAN STD oEIt STC ERAOR MI"'IMUM MUIHUN "aAlaNCf40 T n, PRO.. > ITI 

lOS 5 0.Z400l'000 0.2601681° 0'1166~904 o'Aooonooo 0.1000nooo lJNEOUAl O.caRl" "'.~ 0.1"64 
.... A06 10 O.II6nOl)nO 0.1469011 9 O. 464 661 O. lnl\ooon O.C;OOOOOOCl F.:QUAL 1.19li4 11.n 0.?"'3] 

; OR HO I VAAlaNCfS ARE FQUAl. Ft. 3.15 VITH 4 AND 9 OF' PROR > Ft. 0.1410 



S TAT I Sri CAL A N A L Y SIS S Y S T E 14 
14.02 WF~E~niy. ~fARU'RY ZA. 

VARtABLEI SP£CCONO 

LOC N "[AN SlO OEV STO ERROR 
- I1At"!f ' 'U_ - -n~6666667 ----lJj •• 9ml0r "54:49196i2J 
WAO~ 11 1481.18181818 90.1A195656 27.3711A97A 

fOA HOI .VARIANCES ARE EQUAL. Ftc 2.16 WITH 5 AND 10 OF 

TTEST PROCEOURF 

MINIMUM 

flOG.ooonoooo 
1350.00000000 

PROA > Ft. 

HA. 'HUH VaRIANCES T 

1571.00000000 ---- u;"EiiUil - - -;'Z.230) 
16~0.00000000 FQUAL -Z.~063 

0.2803 

PROA > tTl 

i.ci .. ei 
0.0~4~ 

----------------------------------------------------------------------------------------------------------------------------------
VARIABLE' lOS 

e- N MEAN" 

"AgS 
"A 6 Ii 96i·4Dooooog 

105 .4000000 

FOR HO. VARIANcrS ARE EQUAL. 

....A 

0-
(}IN 
mc.n 

~nrnrv-

138.395 .. 790 
96.52426293 

rt. 2.06 WITH 

no ('ARoA I'4tNlMUH MulMUM ViRIANCES T 0'-· ,,"",> Iff 
61.89?J25A6 85l'00000000 p~oo . OOOonooo UNEOUAL -1. 1911 6 . 0 K:fU; 30.52365203 91 .000OflOOO 200.00000000 EQUAL - .~176 ..... 0 

4 AND 9 or PROR > r t • 0.3394 



VARUBLEI PH 

LOC N 

::n I 
MEAN 

l'r1]1]]]] 
8. 1250000 

S TAT I 5 ric A L _ N _ L Y SIS S Y S T E M 

STD DEV 

"l.'HDU51t 
0.41209)96 

STn EAROR 

f:ll~Un~ 
l.16 VITH 1 AND 5 OF 

TTEST PAOCEDUR£ 

MINIMUM 

1.8OGOGIICIO 
1.60000000 

MAXIMUM 

8.~OIlOOOOf 
8.1000nooo 

PROA > F'. 0.4140 

llt]~ WEDN£50AV. ~£AAU'AY 2-. 1 

VaRiaNCES 

UN£QUIl 
EQUAL 

T 

11'1 124 
I. b62 

Of' PAO,. ~ IT I 

it ....91,4 
'~.I 0.91 1 

----------------------------.-----------------------------------------------------------------------------------------------------
VAAIABLEI ., 
"l"C N MEAN STIJ IJEV -nD "['"'OR MINIMUM MaJllMUtf VllffINC£-; T DJ' - "PA0Ir> tTl 

:Ut , S·4UOOOOO 0.46409151 8' 5015415
" 

g.08000000 A·2ooonooo UNEQUAL 1.}4l0 ".§ g"104 
.1 14286 0.'23984 2 • 9065146 .0)000000 .10000000 EQU_L 1. 7n 111.1 .1119 

FOR HOI vaRlaNCFS ARE EQU AL. F'. ).74 VITH 4 AND 6 OF PROR > F'. 0.1470 
----------------------------.-----------------------------------------------.--------------------------------------.--------------
VARljBLE' , 

LOC N MEAN STD OEV STO ERROR MINIMUM HAX I MUM VARiaNCES T Of' PRO" ~ ITI 

WAO~ " A .n666667 l.e"J171p 0.16088199 0.20000000 5.00000000 UN£OuaL I.J610 4.1 0.21" 
WAOA e .21500000 0.218762 5 0.011]4411 0.10000000 0.'10000000 EQIIAl 1.51'''0 1?0 O.ll"] . 
fOR HOI VARIANCES ARE EOU~L. fl. 7l.58 WITH 5 _ANO 1 OF PRO~ > F'· 0.0001 -
-------------------------------------------------------.----------------.---.--------------------------------------.-----------.--
VARIABLE' AS 

LOC ~ ... £AN sfD DEY $TO tRAoR MINIMUM MAXIMUM viAIlNCES T ",. ~OA ~ ill 
WA05 6 0.OA 4OO OOO 0.018851)6 0.0076984" 0.0020noOo 0.05000000 UNEOU_L 0.9037 ~.9 0.4019 
WA08 8 0.0 615000 0.006)8631 0.00225792 0.00100 GOO O.OlOOOOOO EOUAl 1.11231 1?0 0.l?62 

FOR HO. VARIANCES ARE EOUAl, F'. 8.12 VJTH 5 AND 7 OF PAOR » F'. 0.0129 



VAAUBLEI 

LOC 

::12 
MOLY 

N MEAN 

5 0.02100000 
6 0.0]000000 

'OR H'. YAHIAHerS ARE [QUAL. ft. 

S TAT 1ST I CAL A HAL Y SIS 'i V S T E '" 

TT[ST PAOCEDURE 

slD on STD ERAOP 

0."923538 •••• 160231 
0.026832ft? 0 •• 1095445 

1.95 WITH 5 AND 4 Df 

"IHIMUM 

0."10000" o.cnoOGooo 

MUIMUM 

0.06(10nOOI 
o.osoooooO 

PROS > ft. 0.53ft6 

VAAIAHeE~ 

UNEQUAL 
F.QtJAl 

T 

-1.14l6 
-0.13'*0 

PAO" > I TI 

0.'"'' o."eaZ" 

----------------------------.------.---------------.------------------------.--------------------------------------------------.--
YARUBLE I 504 

LO( N 

I 
MEAH STD MY 

91.J4200115 
45.15224429 

STD ERAOR 

3,*.J]'10866 
16.11586109 

fOR H'I YAAIAHefS ARE EQUAL. fl. 4.53 WITH 5 ANO 1 Df 

MIHIMUM 

l51. 00000100 
346.00000000 

Mail I 

500.0000000. 
4"o."0000000 

PAOR > fl. 0.0134 

VAAIAHCrs 
UNEOUAl 
[QIIAl 

T ." PAGA > I T I 

".1 11.0 Z·'''85 .01\.1" 

----------------------------.--------------------------------------------------------------------------------------------------.--
YAAUBLEI HA 
LOe N 
"A05 6 
"A08 8 

MEAN 

118.00000000 
1)9.2500nooo 

STD DEV 

56.5n140645 
6].46"Z1411 

STO ERAOR 

21.06,*4601l 
2?4)ea4CJZ<;) 

fOR HOI VAAIAHC£S ARE EQUAL. fl. I.Z6 "ITH 1 AHD 5 Df 

"IHIMUM 

1)0.00000000 
88."""00000 

MalI III 

290.0,,00nooo 
2Qo.n ~o"ooo 

PA08 > fl. 0.8258 

YARIANCES 

UI'f"QUAL 
Ft,IJAl 

T 

1.1041 
1.1ft21 

IW PItOIt ~ I TI 

11." 0.?Ci11 
l;).n 1.1"9ft 

----------------------------------------------------------------------------------------------------------------------------------
VARUBLE I NH3 

lOC 

"AGS 
WAG8 

N MEAN 

0.l4000000 
1.04000000 

fOR HOI YARIAHeFS ARE fQUAl. fl. 

STD nEV 

0.2"016110 
1.5446l519 

STD ERAOR 

0.116619n4 
O.5tU1l41 

)5.0'* WITH 6 ANO 4 Df 

MIHIMUM 

0.)000"000 
o.o"oonOoo 

Hal I MUM 

O.lnoooooo 
).lIIoooonoo 

PNOR > fl. 0.0041 

vaRlaHCES 

'IN';OUAl 
[OU4L 

T 

-1. 14)8 
- .131? 

OF PAOA > ITI 

".0; 0.1;)45 In.n 0.?,.44 



L 

LOC 

WA'!; 
WAGA 

N MEAN 

6 114§.16666661 
1 16~.42"r;714) 

5 TAT 1ST I CAL A N A L Y 5 S 5 Y 5 T E " 

STO ERROR 

S4.49196123 
41.01102214 

TTEST PROCEDURE 

MIN'MUM MA~'MUM 

12'0.'0000000 1521.00000000 
1100.00000000 1400.nOOooooO 

VARIaNCES 

UNF.OUAl 
EQUAL 

T 

1.1098 
1.12119 

PROf' » 'TI 

0.1tal' 
O.?Alta 

rOR HO. VARIANCES ARE EQUAL. PROB > f'. 0.626) r l • 1.51 WITH 5 AND 6 Of 
-------------------------------------------------------------------------------------------------------------------------------.--
VARU8l£l TOS 

lQC H MEAN sTD Dry STO EAAM MINIMUM MAXIMUM VARIANCES T M PAD .. » ,TI 

WAG5 5 qU.40000000 p8.39544190 61·892~15"6 1151.00000000 1200.00000000 UNEQUAL -O.llt!; 1." 0.4q14 

WAO" 5 In19.60000000 59.50956084 1 .3)4 4422 1180.00000000 1200.00000000 EQUAL -0.7115 ".0 0.4ql0 

fOR t40 I VARIANCES ARE f ()UAl. f'. 1.)] WITH 4 AND 4 OF PROR > Ft. 0.1"98 



S TAT 1ST I CAL A N A L Y SIS 5 Y S T f .. 

TTEST PAOCEOUAF 

VAAIA8L[1 Pl4 

LOC H "EAN STO OEV STO EAROA MINIf4UM "all tMUM VARIANCES T OF PAOli ~ III 

VAn II I·U721~7J O.ll19J647 0.10008261 7.S0000000 8.400GCIOOO UNEQUAL -0.l15! 1°'" '.7~'1 
WAG6 8. 212 21 0.3431 583 0.10165231 1.40000000 A."OOOOOOO FQUAL -11.315t; n.o 0.11151 

fOR HO, vaRlANcrs ARE EQUAL. f·· 1.07 WITH 10 AND 10 OF PRO~ > Ft. 0.9139 
-----------------------------------.-------------------------------------------------------------------------------.-----------.--
VARIABLE I 8 

LOC N MEAN 

=~U t 8:!U~~~~~ 
FOR HOI VARIANCf5 ARE EOU AL. Ft. 

SlD D[~ 

8:~~nnu 

5TO ERROR 

0.10,,",0254 
0.21889114 

4.08 WITH 5 AND 5 OF 

M'"'HUM 

8·01000000 
.06000000 

MAJIlMUM 
0.1000000 0 
1.400001100 

PRO~ > Ft. 0.1491 

ViA 'Ncr~ T Dr PAOf' > III 

UNEOUAL -0.92~0 
EOUAL -0.9280 1~:~ g:1~n 

----------------------------.-------------------------------.---------------------------------------------------------------------
VARIABLEI F' 

LOC N "EAN 

WA03 lit 0.50727273 
W406 0.54000000 

fOR HOI VA~ IANCfS ARE [OUAL. Ft. 

5TO DEY 

0 •• 6426481 
0 •• 5633]21 

5TO ERROR 

0.13998111 
0.1315AQ64 

1.04 WIT H 10 AND 10 OF 

MINH"UM 

0.)0000000 
0 . 30000000 

"All tMUfil 

1.9000 0000 
I.Q OOOOOOO 

VAAraNCfS 

UNFOUAL 
FaUAL 

T 

-0.16l17 
- 0 .16"1 

0' 
~o.n 
7n.o 

PAD" > ITI 

0.,.",] 
0.~ ... 93 

-------.-------.------------.-----_.---------------.----------------.---.---.----------------------------------------------.---.--

WAD3 
WA06 

9 
10 

MEAN 

0.0092l222 
0.00880000 

FO~ HOI VARI ANCFS ARE [OU AL. Ft. 

'iTO DEY 

0.01646039 
0 . 01554718 

5TO £AR OR 

0.0054868 0 
0.00491664 

1.12 WITH 8 ANO 9 OF 

~INt"'U~ 

0.001000 00 
0.00100000 

"44X HoiUM 

0.05000000 
0.05000000 

PROD > Fta 0.86 11 

VAAhNCES 

UNEQUAL 
EOUAL 

0.0513 
0.0515 

0 ' PROA > ITI 

1,,·0; 
1.0 

0.91150 
0.9548 



5 TAT 1ST I CAL 5 Y C; T [ M 
15137 WfONESOAY. "ERRl/lRY 2'" 1~;1 

VARlaBLEI MOLY 

LOC N MEAN 

VAO) 5 0.01740000 
WA06 5 0.03600000 

fOR HO. VARIANCES ARE EQUAL. f·c 

STO OEV 

0.0058l378 
0.01140115 

STO ERROR 

0.00260000 
0.00<;0990;> 

3.85 WITH 4 ANn 4 Of 

TTfST PROCEDURf 

MINIMUM 

0.00100000 
0.0;>000000 

MAX''''.,,,, 

0.02000000 
0.0<;000000 

PROR > f'c 0.2203 

vaRIANCES 

UNE~UAL 
EQUAL 

PROII! > ITI 

0.0171 
0.0111 

_________________ 4 ___________ ------ _____________________________________________________________________________________________ -_ 

VARUBLE I 504 

lOC N 

II 
"'£AN 

360.454545.5 
336.&!7Z12121 

STO OEV 

18.9439)642 
40.6 20 4158 3 

5T ERROR 

5.7111'1114 
1?24151619 

fOR HO. VARIANCFS ARE EQUAL. f·. 4.60 WITH 10 ANn 10 nf 

"'tNY"'UIo4 
330.00000000 
21>A.000I)I)000 

MAX JMllM 

400.00000000 
400.00000000 

PROA > f •• 0.024? 

VARUNCE'5 

UNEQUAL 
faUAL 

O.ocaso 
0.0""1 

----------------------------------------------------------------------------------------------------------------------------------
VARUBL£l HA 

LOC N MEAN STO OEV STO ERAOA MINIMUM MAX IHUH VARI ANCES T Of PRO" > IT I 

"'AO] II 136.21212121 31.9l1029A6 11 • 43"44467 120.00000000 2<;0.00000000 UNEOUAl -J.n41 2n." 0.01142 
"'A06 1~8.)I»~ 63" 31.SQ59)7 9 1.))<;6017" 1"".00000000 )00.00000000 rQUAt -1.2147 ?n.o n.nn4? 

f~ "0. VARIANcrs ARE EQUAL. f·. 1.02 WITH 10 ANO 10 Of PROB ~ f •• 0.97711 

----------------------------------------------------------------------------------------------------------------------------------
VARUBLE I NHl 

LOC N "'[AN sTO nEv STO ERROR MINIMUM MAX IMUM VARIANCES T D' PROA > ITI 

"'A OJ U 0.07800000 0.0~19542J 0.02148902 0.01000000 0.;>0000000 UNf.QUAL -0.1424 1;J.7 0.41J4 
"'A06 0.11600000 0.14690889 0.041>45667 O.Olnonono 0 • ..,0000000 EQUAL -n.1424 I".G G.4" 4 

fOR "0. VARIANCES ARE fnUAL. f·. 4.67 WITH 9 AND 9 Of PROR > f'. 0.0312 



5 TAT 1ST I CA L A .. A L Y 5 I 5 5 Y S T £ .. 

VAAhIl.E' SPECCOHO 
nEST PROCEDURE 

LOC N ~AN STO DEV STn EAAOA "1 .. ,-.uN "All 'MUM VaAIANCn T M "Ott » ITI IIIAI. 1. ,11 •• 1.190909 ,n · ",sun l6·1f665059 ,200.00000000 IS'i9.0000 0100 UN£QUAL I::n: 
iliA 0 ?69"2857143 .6lt90'J 41. 302274 IOO.oooonooo 400.000nonoo EOUAL ,.OR t411 I'" :·· .. ·1 ,. .. .171 VARIANCES ARE EQUAL, , .. 1.24 IIIITH 1. ANo 6 OF PROS» ". 0.8241 
----------------------------------------------------------------------------------------------------------------------------------YAAUSLEI TOS 
lot 

=:U 
FOR HO. 

o 
O>w 
I\J -.. 

N MEAN I, :l1.30,,,::. 10 Q.60 00 • 

VAAlaNCFS ARE EQUAL. 

5TD DEY STn [ARQA 
66."'2514 j6 159.5095 0 • ' •••• 1'2199 1.lJ4 4422 

F'. 5.8] IIITH 4 aNO 9 OF 

MIHI-.u .. "UIMUM vA"IaNCES T ",Ott » ITI 
801.000000.0 ,022.00000000 UNEQUAL -1.0]99 4.1 I.".J ,.80.00000000 200.00000000 EQUAL - 1 .35'" .. ~ 0.1986 PROA » F'. 0.0270 



VAAI.Rlfl PH 
lOC N NUN 

~~II II 1:IUnUI 
,OR ~'I VA~I'NCES AAE EQUAL. , •• 

. ,.-..-- ..... -- -. - -"'" .~-- - ~---------

S TAT 1 i TIC A LAN A L Y SIS S Y S T [ M 

STn EAROR 

1:IU:nn 
1.44 ~ITH 7 ANO 10 0' 

TTEST PAOCEDUttE 

MINIMUM 

' • .0.00000 
1.60000000 

MUlMUM 
•• 6.0 ..... 
1.'00'''000 

PAoe ~ ". 0.5819 

VAAIANCrS 
UNrGUAl 
FQUAl 

T 

'.3368 
0.:1411 

PAOIt ~ ,T' 
'.1414 •• ,,,28 

----------------------------------------------------------------------------------------------------------------------------------
VARIABl(1 8 

LOt N MEAN 

=:1: , 1:l:Jf:U: 
'OR HOI VARI.NC,S ARE [QUAL. f •• 

STD DrV 

0.5361'161 
0.239 4 22 

STD (AROR 

0'11''''1 14 
O. 9065 4. 

5.00 WITH 5 AND 6 0' 

MINIMUM 
0.06000000 
0.0]000000 

MUlMUM 
1.4000nooo 
0.1000naoo 

PAOA ~ ". 0.0153 

VARIANCES 
UNEQU.L 
EQUAl 

T 

0 .... 06 
0.995) 

01' HOI' ~ ,T. 
6.1 •• 17.7 

11.1 0.1411 

----------------------------------------------------------------------------------------------------------------------------------
VAAIABl(1 , 

lOC N MEAN 
~A06 11 0.54000000 
VAOR • 0.27500000 

fOR HOI VARIANCES ARE EQUAL. ". 

STO Of V STO fAROR 

g:~?tJlJ'~ ::Al~~:%~t 
4.l5 VITH 10 AND 7 Of 

MINIMUM 
0.3goooooo 
0.1 oonooo 

MAXIMUM 
1.90000000 
0.,.0000000 

PAoe ~ ". 0.0.34 

VARIANCES 
UNF.;QUAl 
[QUAL 

PAOtI ~ ITt 

o. ,,]7 
o.Uft" 

------------------------ -------------------------------------------.-------------------------------------------------------------
VAA .. alEe AS 
loe N 

VAG6 
VAoe 

M[AN 

0.00'''0000 
0.0067'5000 

'OA ~Ol VAAIANC,S ARE EQUAL. ". 

STO DE" 
0.01554778 
0.00631"31 

STO EAROR 

0.00491664 
0.00225792 

5.91 WITH 9 aND 7 0' 

MIHIMUM 

0.001 00000 
0.110 00000 

MAXIMUM 
0.05000000 
0.02000000 

V.RI.HCES 
UNEQUAL 
EQUAL 

OF' PRO" ~ 'TI 
... 7111 
1.7'" 

~ . ~ . 
. . .... 

•• ' - . ""' "'_ ....... '!o:..o.. _ ' • .... - _ . • -- .... ~ 



S TAT 1ST I CAL A N A l Y SIS 'i Y S T E " 

"£ST PAOC[OUAf 

VAAlAfllf' MOLY 

lOC N "EAN STD DEV STo ERROR MINIMUM MA.,MUN vaAIANCES T OF PAnIt ~ ITI 

"A06 5 0.03800000 O.OIHOpS 0.OO!;09902 0.02000000 0.05000000 U.,,.OUU 0.4.66 '.11 11.,,41 
WA08 6 0.0] 110000 0.0?68] 82 0.01 09544!; 0.1110110000 0./11100111100 EOllal 0.46]~ 4.n 0.60;4' 

fOR HO. VAAIANC£S ARE EQUAL, fl. 5.54 WITH 5 Afifo 4 Of PAOA > fl. 0.1222 
-------.--------------------------------------------------------------------------------------------------~~--------------------.--
VAAUAlE' S04 

lOC H STO nEV STO ERROR 

WA06 11 1]6.21212121 40.61041583 12.24151619 
WA08 I 401.81500000 45.10;224429 16.11 .. 86109 

fOR ~O' VAAIANcrs aRE EQUAL, fl. 1.21 "ITH 7 AND 10 Of 

MINIMUIo4 

268.00000000 
346.0001)0000 

MAXIMUM 

400.0000111100 
4RO.II00II 0000 

PROR > fl. 0.1011 

VAR'ANcr~ 

UNEQUAL 
EOUal 

T 

-l.n)) 
-].291111 

nF' PROA ~ t TI 

14.1 
17.0 

---------------.----------------.------------------.----------------------------------------_ .. _--------------------------------.--
VAAUBLE I HA 

lOC H MEAN STO OEV STO ERROR 

"AO~ 11 lA8.363~3b36 31.59~93189 11.31~6011A 
"AOA 8 139.1S00000 0 6).~~821~11 21.43Q~02~] 

fOR ~O. VARIANCfS ARE EQUAL, fl. 2.85 WITH 7 AND 10 Of 

MINIMUM 

16R.0000nOOll 
8A.000000IIO 

Mal IMUM 

] /10.000/10000 
?QO.IIII0/10000 

PROR > fl. 0.1 301 

U'UANcrs 
IjNEOUAl 
fQUAL 

T 

I.Q536 
1.111'1 

OF PAQA ~ I TI 

In.s 0.0118 
\'1.11 O.04Q? 

----------------------------------.---------------------------------------------------.~----------------------------------------.--
VARIABLE. NHJ 

l OC N MEAN 

"406 10 0.&1600000 
"AG8 1 1. 4000000 

fOR ~O. VARIANeFS ARE EQUAL, 

0 --, 
0> w .w 

STD OEV STO ERROR 

0.~.690889 11.041145661 
1. 4462509 o .5838lJ~ 1 

fl. II o.sc; "ITH 6 ANO 9 OF 

MINIMUM ~~u IMUM VaRI'NCF.C; T OF PAn" ~ 1'1 

0.01000000 0.0;000 00 00 UNEQIIAL -1.0;717 ".1 O.I'-~? 
O.OAOOOOOO 3.AIlOO II OOO FOUAL -1.Q064 100.n 0.010;9 

PROR > fl. /1.0001 



5 TAT 1ST I CAL A N A L Y 5 I 5 5 y 5 T [ ,.. 

TT[ST PROC[OURf 
VARIABLE I SP£CCoHD 

LOC N MfAN STO O[V STO [RROP MINIMUM MAX I"UM VaRUNCEC; T Of PRO" > ITI 
"A06 11 l41H .181"1818 90.7l.H95656 21.3717A978 1350.00000000 1650.110000000 UNfQUAL 4.2902 p.2 l·onAl WA08 7 lj)69.42857143 108.6"'900317 41.01102274 1100.01101100011 1400.0000noIl0 [QUAL 4.474" "'.n .lIn 4 
fOff HOI VARIANCES ARE EQUAL. f'· 1.43 WITH 6 AND 10 Of PROS> f •• 0.5859 
----------------------------------------------------------------------------.-----------------------------------------------------
VAAUBLEI TOS 

lOC N MEAN sTD DEV STO £RROA MINIMUM MAXIMUM VARIANCES T 0' PAOA > ITI 
"A06 10 1058.40000000 96.~2426293 ~0.52165203 912.00000000 1200.000110000 UNEQUAL 0. :1112 1\.15 O."'~. WAD8 5 029.60000000 159._0956084 1.33.84422 880.00000000 1200.00000000 EQUAL 0.4400 11.0 0.6" 1 
fOR HOI VARIANCfS ARE [QUAL. f·. 2.13 WITH 4 AND 9 Of PROA > f'. 0.1941 



IIAAldlEI Pt4 

Loe 

VAOl 
"lOA 

N 

11 
N[AN 

, .12127273 
• 12S0000 

fOR H'. VaRIANCES AR[ [QUAL. f·. 

5 TAT 1ST I CAL A N A L Y 5 ISS Y S T [ N 

TTEST PROCEDUAE 

STO Of V 

'.3119]641 
0.4120U96 

STO EAAOA 

0·1°008261 
O. 4569722 

1.54 "ITH 7 A"D 10 OF 

MINIMUM 

1.50000000 
1.60001'000 

MAIUMUM 

1.40000001 
8.10000000 

PROB ~ F'. 0.5160 

VARIANCES 

UN£ClUAl 
EQIIAL 

T 

0 •• n6 
0.0866 

OF PROA ~ I T I 

1'.1 I.',,, 
1.0 0.9,20 

---------------.------------.---------------.------.--------.-------.---.---.-------- -----------------------------------------.--
VAAIABLEI I 

LOC N MUN STD D[v STD ERROR 

=:U 9 ::ln~l~U 1::nUlYU 3:Ua:~n: 
FOA HOI VAAIANCFS AAE EQUAL. Fl. 1.21 WITH 5 AND 6 OF 

14INIMUM 

0.01000000 
0.01000000 

MAXIMUM 

0.700000°1 
0.1000000 

VARIANCES 

UNEOUAL 
EQUAL 

T 

-0.0270 
-0.0212 

or JIIRl)III ~ I T I 

10.1 l·ca19, 
1.0 •• 188 

---------------.------------.------.------------------------.-------.-------.--------------------------------------.-----------.--
VAAU8l(1 F 

Loe N MEAN STO DEY STD ERROR MINIMUM MAXJMUM VARIANCfS T OF P'-OR) I TI 

"AOj "AO 1, 0.5072127~ 
0.2750000 

0.464f6U~ 
0.21" 627 0.p9981!1 o. 17344 

o·looooooo o. oonnonn 
1.90000000 UNEOUAL 1.4514 

."000001)0 EQIIAL 1.3060 1 ... Cl 0.1670 
1.0 o.l>nSca 

FOA HOI VAA1A~£S ARE EQUAL. "- •• 50 WITH 10 AND 7 OF PROB ) , •• 0.0579 
---------------.------------.-------------------------------------------.------------------------------------- -------------------
VARUBLEI AS 
LOC N "'[AN 

WAOl 9 0.00922222 
WA08 8 0.00675000 

fOA HOI VAAIANCFS ARE EQUAL. 

w 
Ul 

STO DEY 

0.01646039 
0.00638637 

Fl. 6.64 WITH 

STD ERROR HINtHU" "utMUN 

0.0054"6"0 0.09JOOOOO 0.05000000 
0.00225792 0.00100000 0.0200nooo 

8 AND 7 OF PROR ~ Fl. 0.0217 

YaRtaNCF.S T 

UNEQUAL 0.4167 
EQUAL 0.3919 

OF 

I"·" !'i. 0 

PAO" ~ I TI 

0.6"51 
0.61)6) 



~AAheLF: I MOLY 

lOC 

WAOJ 
WAOS 

'OR HOI 

N MEAN 

5 0.01740000 
6 O.OJOOOOOO 

VAAIANcrs ARE EQUAL. 

S TAT I sri CAL A N A l Y SIS S Y S T £ M 1~118 WFDNF50AY. ~£RRUARY ~A. 197~ 

STO OEV 

0.onS81 J'P1l 
0.0~68l2A2 

5.0 ERROR 

0.00260000 
1I.010QS44C; 

21.JO WITH 5 AND 4 OF 

TTEST PROCEDURE 

MINIMUM 

0.00100000 
0.0)000000 

MUIMU1i4 

O.olOOIlIlOO 
O.ORoonooo 

PROij > F'. 0.0111 

VaRIaNCES 
UNEQUAL 
fQIIAl 

T 

-1.1191 
-1.0214 

PAO,. > ITI 

O.]OIlJ15 
0.~~31 

.-- ----------------------------------------------------------------.---.------------------------------------------------------.--
VAAUBLEI 504 

lOC N MEAN STD OEY STO ERROR MINIMUM "'UIMUM YARhllfC£5 T or "'"'" i rTl 

=:U I, ~60.45454545 18·14~9J642 es.1U81 114 JJO.oooooooo 408 oooonooo UNEOUAL -2.4)4~ A.A 0.0191 
401.81500000 45. 0; 24429 16.1 . 86 09 )46.00000000 48 .(001)0000 EQUAL -2.1 11 11.0 0.0145 

ro~ HOI VARIANCrS ARE EQUAL. r·. 5.8J WITH 1 AND 10 OF PROA > r'. O.OD) 
------------------------------------------------------------------------.---.------------------ ----------------------------------
VAAUBLEI "A 
LOC N MEAN STO OEV STO ERROR MINIMUM MUIMUM VARIANCES T OF PRO.. > ITI 
WAG) 11 1J6.112n121 31.9H029l" ~1.4184"61 120.00000000 250.00000000 UN£OUAl -0. U"~ lo.~ O.~oAI 
WAOII II 1J9.20;000000 63 •• 611214 1 2.U4.01c;3 II" .onoooooo 2QO.nnOonnoo EQUAL -0. 1'0 17.n O.flQ96 

FOR HOI VAAIANCfS ARE EQUAL. f'· 2.80 '11TH 7 AND 10 or PROf' > F'. 0.1368 
----------------------------.----------------------------------------------------------------------------------------------------. 
YAAUBL£l NH3 

LOC N "EAN 5tO OEV STO EPROR MPHNUM MAXIMUM VAR'ANCF~ T OF PAnA > tTl 

VAOJ 10 O.OlROOUOO 0.0 ... 195423 0.021411902 0.01000000 o.;>ooon"oo UNEQuaL -1·"461 ".n O.l""~ 
"A08 7 1.04000000 1.54462509 0.58)813.1 0.OAOO11000 3.RC!'!0(·nGO EQIIAl - .QQC;) ' ... n 0.0"4" 
FOA HOI VARIANcrS ARE £QUAl. F'. 516.61 WITH 6 ANO 9 OF P~OR > r'. 0.0001 



S TAT 1ST I CAL A N A L Y SIS S Y S T E M 14115 WEDNEsnAV. FfRAUAA1 ~~. 1.'~ 

VARIABLE I SP[CCnND 

LOC 
VAU 
WAl6 

N 

II 
MEAN 

1:111.09090909 
4111 ~ 1f'1111818 

STD OEV 

121.01886235 
911.'''195656 

STO ERROR 

]6.!0665059 
21.31118978 

TnST PROCEDURE 

MINIMUM 

1200.00000000 
1350.00000000 

MAX1MUM 

151\9.oooc oooo 
6!'/).0000no on 

VARUNCfS 
uHF.OUAL 
EQU AL 

PAO ... I TI 

•• 0161 
1.0:15l 

FOR HOI VARIAHe£S ARE EQUAL. f·· 1.78 WITH 10 AND 10 Of PR08 > f •• 0.377~ 

----------------------------------------------------------------------------------------------------------------------------------
VARIABLE I TOS 

LOC N MEAN STD DEli 5TD ERROR MINIMUM MAXIMUM VARIANCES T OF' PA(HII • ITI 

'fAIJ 18 .. 51·JOOOOOOO 66.c!"Z~2~46 2O.'971~899 807.00000000 101£.000001)00 UNEQUAL -2.~6"2 I~e" I::UI ,fa ~ 105 .40000000 96.524 6 1 lO.52l 20] 912 . 1)0000000 120 . 00000000 [QUAL -2.11682 ".0 

fOR HOI v.NIANCfS ARE EauAL. f·. 2.1l WITH 9 AND 9 Of PAOA • f'. 0.2741 



AS.3.2A 

AS.3.2B 

APPENDIX AS.3.2 

This Appendix consists of two parts: 

Summary Tables for Ground Water Quality 
Analyses of Variance. 

Potentiometric Surface Maps - Upper Aquifer 
(1976-1978) 

138 
1069 



APPENDIX AS.3 . 2A 

Summary Tables for Ground Water Quality Analyses of Variance 

TABLE NO. 

AS.3.2A-1 

AS.3.2A-2 

AS.3.2A-3 

AS.3.2A-4 

AS.3.2A-5 

AS.3.2A-6 

AS.3.2A-7 

AS.3.2A-8 

AS.3.2A-9 

List of Tables Appearing in Appendi x AS.3.2A 

Ground Water Quality Analysis of Variance - Specifi c 
Conductance 

Ground Water Quality Analysis of Variance - Boron (B) 

Ground Water Quality Analysis of Variance - Aluminum (A1) 

Ground Water Quality Analysis of Variance - Potassium (K) 

Ground Water Qua l ity Analysis of Variance - Total 
Dissolved Solids (TDS) 

Ground Water Quality Analysis of Variance - Cal cium (Ca) 

Ground Water Quality Analysis of Variance - Sodium (Na) 

Ground Water Quality Analysis of Variance - Ammonia (NH3 ) 

Ground Water Quality Analysis of Variance 

139 
1070 

- Magnes i um (Mg) 

PAGE 

140 

141 

142 

143 

144 

145 

146 

147 

148 



TABLE A5.3.2A-1 GROUND WATER QUALITY ANALYSIS OF VARIANCE 

SPECIFIC CONDUCTANCE 

UPC2 LPC3 
------------ --------------

SG9=2 CB-2 SG11#3 AT-1C#3 

1974 1600 1600 1200 

1975 1900 1600 1300 

~ 

0--' 
...... -"" 
~ 0 1976 1661 1583 1497.5 

1977 

N: 5161 4783 3997.5 

Source SS 

Years 7348.59 
Wells (Depth) 1411799.14 
Error 126389.89 
TOTAL 1545537.62 

** Significant at 95% level of confidence 
NM Not Monitored 

C8-4 

800 

800 

890 

2490 

ANOVA 

OF 

2 
5 

10 
17 

AT -1 C#2 

1400 

1200 

1289.5 

3889.5 

SG6#2 

MS 

3674.3 
282359.83 
12638.99 

SG10R SGll =2 

F 

0.29 
22,34** 

AT-1C#1 N 

1400 8000 

1250 8050 

1357.5 8278.5 

4007.5 24328.5 



TABLE 1\5 . 3 . 2A-2 GROUND lMTER QUALITY ANALYSIS OF VARIANCE 

BORON (B) 

SG9#2 CB-2 SG11#3 AT-1C#3 CB-4 AT-1C#2 SG6=2 SGlOR SGll #2 AT -1 C#l N 

1974 1.50 2.90 1.30 2.80 1.40 1. 10 11.0 

1975 .70 .85 . 23 . 25 . 72 .51 3.26 

~ 

o~ 

-..j~ 1976 .05 .10 . 20 .07 .lO .05 0.57 I\)~ 

1977 

N: 2.25 3.85 1. 73 3. 12 2.22 1.66 14.83 

ANOVA --

Source SS DF '·1S F 

Years 9.77 2 4.89 20.97** 
:·:e 11 s (Depth) 1. 21 5 0.24 1.04 
Error 2.33 10 0.23 
TOTAL 13 . 32 17 

** Significant at 95% level of confidence 
NM Not Monitored 



SG9f.2 

1974 .700 

1975 .1 75 

1976 .018 

1977 

N: 0.893 

NM Not Monitored 

L 

TABLE A5.3.2A-3 GROUND WATER QUALITY ANALYSIS OF VARIANCE 

CB-2 SG11#3 

Source 

Years 
~~e 11 s (Depth) 
Error 
TOTAL 

Alumil'llm (Al) 

AT-1C#3 CB-4 

0.995 

SS 

0.824 
0.295 
0.551 
1.669 

ANOVA 

DF 

2 
3 
6 

11 

AT-1C#2 SG6 E2 

0.790 

MS 

0.412 
0.098 
0.092 

SG10R SGll =2 AT -1 Clll 

F 

4.49 
1.07 

.900 

.065 

1.000 

1.965 

N 

3.0 

0.565 

1.078 

4.643 



TABLE A5.3.2A-4 GROUND WATER QUALITY ANALYSIS OF VARIANCE 

Potassium (K) 

---- '--------
SG9#2 CB-2 SG11#3 AT-1C#3 CB-4 AT-1cn SG6#2 SG10R SGll #2 AT -1 C#l N 

1974 5.0 3.0 4.0 1.0 6.0 19 

1975 5.0 4.5 2.5 1.0 3.0 16 
-... 
0-' 
"'~ 1976 2.4 2.0 2.3 0.7 3.1 10.5 ~ u.! 

1977 

N: 12.4 9.5 8.8 2.7 12. 1 45.5 

ANOVA 

Source SS OF MS F 

Years 7.43 2 3.72 3.80 
Hells (Depth) 20.37 4 5.09 5.20·· 
Error 7.83 8 0.98 
TOTAL 35.63 14 

•• Significant at 95% level of confidence 
NM Not Monitored 

L 



L 

TABLE A5.3.2A-5 GROUND WATER QUALITY ANALYSIS OF VARIANCE 

Total Dissolved Solids (TDS) 

SG9#:2 CB-2 SGll #3 AT-1C#3 CB-4 

1974 1300 1000 750 

1975 1350 990 900 

..... 
0-' 

~t 1976 1354.5 1025 945 

1977 * * * * 

N: 4004.5 3015 2595 

Source SS 

Years 10261.0 
Wells (Depth) 1026939.67 
Error 136449.33 
TOTAL 1173650.00 

* Monitoring of parameter discontinued in 1977. 
** Significant at 95% level of confidence 
NM Not Monitored 

520 

545 

557 

* 

1622 

ANOVA 

OF 

2 
5 

10 
17 

AT -1 cn SG6#2 

890 

740 

746 

* 

* 

* 

MS 

5130.5 
205387.93 
13644.93 

SGlOR 

* 

SGll =2 AT -1 CJJ 1 N 

* 

F 

0.38 
15.05** 

1200 5660 

790 5315 

804.5 5432 

* 

2794.5 



1974 

1975 

.... 
0--' 
...,,~ 

1976 a >tIl 

1977 

N: 

-* 
NM 

SG9=2 CB-2 

117.0 6.0 

80 . S I 4.0 

96.0 6.0 

293 . 5 16 .0 

Source 

Years 
: ell s 
Error 
TOT{.L 

TABLE AS.3.2A-6 GROUND WATER QUALITY ANALYSIS OF VARIANCE 

Calcium (Ca) 

SGll #3 AT-1C#3 CB-4 AT -lCn SG6#2 SG10R 

lS.0 22.0 28 .0 

47.5 21.5 6.5 

41.0 24.0 6.1 

103 . 5 67.5 40.6 

AtOVA --
SS DF t~S 

63 .03 2 31 . 52 
(Depth) 18626 . 54 5 372~ .31 

1520 . 22 10 152 .0 
20209.79 17 

Significant at 9S% level of confidence 
Not Monitored 

SGll =2 AT-1CNl N 

4.0 192.0 

4.5 164.5 

4.9 178.0 

13.4 534. 5 

F -

.21 
24.S1** 



SG9 f= 2 CB-2 

1974 270 380 

1975 215 360 

1976 197 367 

1977 

N: 682 1107 

Source 

Years 
Wells 
Error 
TOTAL 

TABLE A5.3.2A-7 GROUND WATER QUALITY ANALYSIS OF VARIANCE 

Sod ium (Na) 

5G11 #3 AT-1C#3 CB-4 AT -1 C#2 5G6#2 SG10R 

220 130 230 

220 145 300 

214 140 307 

654 415 837 

ANOVA 

55 OF ~1S 

3952.11 2 1976.06 
(Depth) 140359.61 5 28071.92 

27265.89 10 2726.59 
171577.61 17 

** Significant at 95% level of confidence 
NM Not Monitored 

5G11 #2 AT-1C#1 N 

520 1750 

325 1565 

333 1558 

1178 4873 

F -
0.72 

10.30** 
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TABLE A5 . 3.2A-8 GROUND WATER QUALITY ANALYSIS OF VARIANCE 

Anmonia (HH~ 

----,--------

SG9f2 C8-2 5Gll #3 AT-1CI3 C8-4 

1974 .20 

1975 .65 

1976 .71 

1977 * 

N: 1.56 

.50 

.55 

.19 

* * 

1.24 

Source 55 

Yea rs 1.14 
I·Jells (Depth) 0.80 
Error 1.98 
TOTAL 3.92 

.20 

.95 

1.01 

* 

2.16 

* Monitoring of parameter discontinued in 1977 
NM Not Monitored 

.40 

.50 

.14 

* 

1.04 

ANOVA 

OF 

2 
5 

10 
17 

AT -1 C#2 5G6#2 

.40 

.50 

1.58 

* 

2.48 

* 

MS 

0.57 
0.16 
0.20 

5Gl0R 

* 

5Gll =2 AT -1 Cll 

* 

F 

2.88 
0.81 

.10 

.80 

1.85 

* 

2.75 

N 

1.8 

3.95 

5.48 

11.23 
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TABLE A5.3.2A-9 GROUND WATER QUALITY ANALYSIS OF VARIANCE 

Magnes i um (Hg) 

S69#2 C8-2 S611 #3 AT-1Cw3 C8-4 AT -1 cn 566#2 

1974 100.0 

1975 145.0 

1976 131.0 

1977 

N: 376 

4.0 23.0 

3.5 49.5 

4.0 47.5 

11. 5 120 

Source SS 

Years 227.35 
I~e 11 s (Depth) 32113.24 
Error 1638.74 
TOTAL 33979.34 

** Significant at 95% confidence level 
NM Not Monitored 

23.0 

26.0 

26.0 

75 

ANOVA 

OF 

2 
5 

10 
17 

29.0 

7.0 

4.5 

40.5 

MS 

13.68 
6422.65 
163.87 

SG10R SGll #2 AT -1 C#il 

F 

0.69 
39.19** 

4.0 

3.5 

3.3 

10.8 

N 

183 

234.5 

216.3 

623.8 
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FIGURE A6.3.2B-1 Potentiometric Surface Map - Upper Aquifer, December 1976 
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FIGURE A5.3.2B-2 Potentiometric Surface Map - Upper Aquifer, January 1977 
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FIGURE A5.3. 2B-3 Potentiometric Surface Map - Upper Aquifer, February 1977 
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FIGURE A5.3 . 2B-4 Potentiometric Surface Map - Upper Aquifer, March 1977 
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FIGURE A5.3.2B-5 Potentiometric Surface Map - Upper Aquifer, April 1977 
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FIGURE A5.3.2B-6 Potentiometric Surface Map - Upper Aquifer, May 1977 
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FIGURE AS.3.2B-7 Potentiometric Surface Map - Upper Aquifer. August 1977 
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FIGURE A5.3.2B-8 Potentiometric Surface Map - Upper Aquifer, September 1977 

157 
1088 



'--___ '-... r~~ 
I 

+ 

FIGURE A5.3. 2B-9 Potentiometric Surface Map - Upper Aquifer, October 1977 

158 
1089 



+ .. ,-.-

J 

II -I , 

~---'---"""""---l.,oOJ 

~ 
I 

I 
FIGURE A5.3.2B-10 Potentiometric Surface Map - Upper Aquifer. December 1977 
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FIGURE AS.3.2B-11 Potentiometric Surface Map - Upper Aquifer, April 1978 
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FIGURE AS.3.2B-12 Potentiometric Surface Map - Upper Aquifer, May 1978 
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FIGURE AS.3.2B-13 Potentiometric Surface Map - Upper Aquifer, July 1978 
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FIGURE AS.3.2B-14 Potentiometric Surface Map - Upper Aquifer. September 1978 
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FIGURE A5.3.2B-15 Potentiometric Surface Map - Upper Aquifer, October 1978 
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FIGURE A5.3.2B-16 Potentiometric Surface Map - Upper Aquifer, November 1978 
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TABLE A6.2.1-l 

INSTRUMENT SPECIFICATIONS 

These specifications apply to the analyzer types and time periods indicated. 
In some cases, current instruments will have different specifications, gen
erally reflecting enhanced accuracy and sensitivity. 

Sulfur dioxide/hydrogen sulfide November 1974 - March 1977 - Meloy SA-185-2 

Range : 

Lower Detection Limit : 

Noise: 

Zero Drift: 

Span Drift: 

Precision: 

March 1977 - September 1978 - Meloy SA-185-2A 

Range: 

Lower Detection Limit: 

N,. i se : 

Zero Drift: 

Span Drift: 

Precision: 

a - 1 ppm (1000 ppb) 

.005 ppm 

~ 0.5% (fUll scale) 

+ 1% per day -
+ - 1% per day 

+ 1% (full scale) 

o - .5 ppm 

.002 ppm 

.005 ppm 

.001 ppm (24 hours) 

3.2% (80% URL) 

.001 ppm S.D. (20% URL) 

.002 ppm S.D. (80% URL) 

Carbon Monoxide November 1974 - August 1978 - Bendix 8200 Environmental ChroMa tograph 

Ran~e: 

Noise: 

Zero Drift: 

Span Drift: 

Precision: 

170 
11 01 

0-1 ppm to 0 - 100 ppm, stepped 

0.5% of full scale 

< 1<1 per day 

< 1 % per day 

+ 1% of full scale -



TABLE A6. 2. 1-1 (cont.) 

September 1978 - Beckman Model 866 ~ Ambient CO Monitoring System 

Range: 

Lower Det~ction Limit: 

Noise: 

Zero Drift: 

Span Drift: 

o - 50 ppm 

0.4 ppm 

0.2 ppm S.D. 

: 0.5 ppm (24 hours) 

+ 1% full scale 

Precision: + 0.2 ppm S.D. full scale 

Oxides of Nitrogen November 1974 - December 1977 - Meloy NA-520-2 Chemicuminizer 

Range: o - .5 ppm 

Lower Detection Limit : .005 ppm 

Noise: .005 ppm 

Zero Drift: .005 ppm (24 hours) 

Span Drift: .010 ppm (24 hours) 

Precision: + 1% full scale 

January 1978 - September 1978 - Monitor Labs Model 8440E Nitrogen Oxides Analyzer 

Range: 

Lower Detection 

Noise: 

Zero Drift: 

Span Drift: 

Precision: 

Limit : 

171 
1102 

o - .5 ppm 

.002 ppm 

.001 ppm S.D. 

< • .003 ppm / 7 days 

< 4% / 7 days 

.004 ppm S.D. at 0.1 ppm 

..J 



TABLE A6.2.1-1 (cont.) 

Ozone November 1974 - September 1978 - Meloy OA-350-2 - Ozone Analyzer 

Range: 

Lower Detection Limit: 

Noise : 

Zero Drift: 

Span Drift: 

Precision : 

172 
1 103 

a - .5 ppm 

.0005 ppm 

+ .3% 

+ 1% full sca1e/24 hours 

< : full scale/24 hours 

+ 2% fu 11 sca 1 e 



TABLE AS.2.1-2 

ERROR A ALYSIS DERIVATION 

Random error distribution about a mean is best described by the standard 

deviation 

6x = fr.i (Xi -xi \ ~ EQUATION 1 
,- n-1 -; 

It should be noted that the term (Xi-X)2 causes large errors to impact 

6X to a higher degre~ than smaller errors. 

Hagen postulates: 

1. Errors are unavoidable 

2. observed errors are a composite of smaller errors of equal magnitude. 

3. elementary error has an equal probability of having a positive as 

well as a negative effect. The number of elementary errors become 

infinite as the magnitude of error diminishes. 

The postulate may be expressed as: 

EQUATION 2 

h = constant, x = precision modulus, x = error magnitude, y = frequency of error 
occurrence 

h may be expressed as: 

EQUATION 3 

The following curve depicts Equation 
y = frequency 

FIGURE 1 

---....tt.a;=====::t===::;:')~ ______ x = error 
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TABLE A6.2.1-2 (Continued) 

The fo'lowing features are evident from the curve in Figure 1: 

1. Curve is symetrical about the y-axis 

2. The largest errors occur at minimum frequency and falloff 

accorci ~~ to e- X2 . 

3. For large h values (very precise measurements) small errors occur 

at higher fr~'quency than cases for small values of h. 

The variable y may also be viewed in terms of probability law such that: 

y=~ 
dX EQUATION 4 

where, P is the probability of an analyzer 's response 

to a known input. Therefor~, 

EQUATION 5 

From equation 2, h is a constant of lntegrati on and upon evaluation is 

determined to be h 
By substitution Equati on 4 becomes: -

1f 

The limits of integration can be expressed as mean deviation: 

ax = Ei JXi-X f 
n 

or the standard deviation (Equation 1). 

EQUATION 6 

EQUATION 7 

From Equation 1, X = error magniture, then Ox would represent the magnitude 

of error for a data set. 

From Equation 3, Equation 6 may no~ be expressed as: 

174 
1 1 ~ 

EqUATION 8 



TABLE A6.2.1-2 (Continued) 

The area under the curve defined by the limits of this integration represents 

a 68% confidence level. 2~ would provide a 95% confidence level. 

Error Propagation: 

Error propagation results from instrument component contribution and operational 

error. Accepting the validity of the Hagens postulates for random error the 

following equation is presented: 

dR ' ~~ I y,Z dX + :; Ix,z aR I dy +ar X,y dZ EQUATION 9 

where R ' component for which error evaluation is 

desired and x,y,z, are analyzer components contributing to error in R 

such that R • f{X,y,Z). 

Since dX, dy, and dZ represent deviation from some X, y, Z then <sX , ~y and 

6Z could be substituted. 

The general case for ~x2 where n is large may be expressed as: 
2 

~/.t¥ EQUATION 10 

? 

To substitute the 6x~ definition into Equation 9, it must f1rzt be squared: 

(dR) 2 (aR dX + aR d + aR dZ) 2 • ax ay y ar EQUATION 11 

Upon the summation of the terms from the squaring and considering that dX and 

dy are independent of each other and recalling from Hagens p"st la '~es that there 

is equal probability of positive and negative values for dX and dy, 

the p siti ve terms will cancel the negative ones and Equation 11 becomes: 

t (dRi)2 = (;~ ) 2 1: ( dX i)2 + (~~} 2 t (dy;)2 + G~) t(dZi)2 ~QUATION 12 
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TABLE A6.2.1-2 (Continued) 

The fonn of Equation 10 may be obtained by dividing by N: 

substituting 52 • t (dX)2 
N 

Equation 13 becomes: 

+ •••• EQUATION 13 

EQUATION 14 

Equation 14 is the final fonn from which error propagation may be calculated. 
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Table A6.2.1-Ja 

DIURNAl YA R I A TI ON Of SO~ DlfHRfNlL Of UN IT 2 - UN 111 (UG/"~) 
STATION A823 
April 1977 

HOUI1 

2 ] 4 5 6 7 8 9 10 11 12 11 14 15 16 17 18 19 .?O 11 22 Zl 24 roy 

---------------------- -------------------------------------------_._ --------------------------------------------------------1 1 2 2 (! 1 0 0 0 1 0 0 &I 0 iJ 0 0 0 0 I) 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 &I 0 0 0 II 0 0 2 3 1 II I) 0 0 I) 0 0 1 0 0 0 1/ 0 0 0 0 0 1/ 0 II 1 1 1 , 1 1 2 2 1 0 1 2 2 1 0 0 0 0 1 0 0 0 I) 0 0 0 0 2 s 2 1 2 2 1 0 1 2 3 2 0 II 0 0 0 Ii 0 0 !l II 0 II 0 \I l 0 0 II 0 II 0 II 0 II 0 0 II II II 0 0 0 II II II 0 0 0 0 7 " II I) 0 II 0 0 0 0 0 0 0 () 1/ 0 0 0 II II 0 0 0 0 0 f 0 0 0 0 0 0 0 \I 0 0 0 0 II 0 II 0 0 0 0 II 0 0 0 0 9 0 0 0 1/ 0 0 0 0 II 0 0 0 \I 0 0 0 0 CJ II 0 iI 0 0 0 10 0 II I) 1/ 0 0 0 II 0 0 0 II II 0 !l U U 0 0 0 0 I) 0 0 11 0 ') II 0 0 0 0 0 0 0 0 0 0 II 0 0 Ii 0 0 II " 0 0 0 1 2 0 0 /I 0 0 0 0 II II 0 0 II 0 II iI 0 0 0 0 0 II 0 0 0 13 0 0 (I II II 0 0 0 II 0 2 1 2 2 2 3 2 3 3 3 4 5 5 6 14 S 6 4 b 6 5 7 b 7 5 3 2 1 1 0 3 1/ 0 0 0 II 0 0 2 1 S 2 2 J 3 2 2 2 2 J 1 0 0 II 0 0 0 0 0 0 0 " 0 () 0 1 <'> 0 0 0 () 0 0 0 0 :l 0 0 0 0 0 0 II 0 \) 0 0 0 0 0 0 0"'-.1 17 0 0 0 0 0 0 0 0 0 0 0 0 II I) 0 0 CI II 0 II 0 0 0 " 00"'-.1 
16 0 II 0 0 ,) 0 0 0 0 0 0 0 0 0 0 II II () CJ II II 0 0 0 1 \I 0 0 (I II 0 0 0 II II 0 0 II \I 0 0 0 0 0 ') a 0 0 0 0 20 0 0 0 0 0 0 0 () I> 0 0 0 14 15 15 II 1/ 0 () II II 0 0 0 21 0 0 0 0 0 0 0 0 0 0 0 II 0 0 I) 0 0 0 0 0 0 0 0 0 2Z 0 I) 0 0 0 0 0 0 II 0 0 1 0 0 0 0 0 0 I) 0 0 0 0 II 23 0 0 II 0 0 0 () 0 0 0 0 0 II 0 0 0 0 0 0 c 0 0 0 0 ?4 J I) ') 0 0 0 0 0 0 - 1 -1 -1 -1 -2 -1 -2 -2 - 1 - 1 - 2 - 1 -1 -1 0 2'; 0 -1 - 1 0 0 0 ') 0 " 0 0 II \I 0 0 0 0 :> 0 0 0 0 I) 0 2t 0 0 0 0 (J 0 0 0 0 0 0 0 0 0 I) 0 0 0 0 0 0 0 0 0 27 0 0 0 \) " 0 0 0 il 0 0 II II 0 0 " 0 0 0 II II 0 0 0 211 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 II 0 0 0 II 0 II 0 0 2<; 0 0 0 0 0 0 0 0 0 0 0 \I II 0 0 0 II 0 II II 0 0 II II JO 0 I) I) 0 tl 0 !l . 0 0 0 0 II 0 0 0 II U 0 II -1 0 0 0 -. 

Mean . 289 Unit 1 = SA185-2A Analyzer 
Standard Deviation = 1.34 Unit 2 • SA185-2 Analyzer 
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Table A6.2,1-3b 

01 URN4l VARIATION Of S02 01 fHRfHCE Of UH IT 2 - UNl11 (UG/1t3> 

STATrOfl AD23 
Hay 1977 

HOUR 

2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 1& 19 20 21 n 23 24 
[lY 

--- ---- ------_ .. - - --------------------------- -------------------------------------------------------------------------------
1 !l -1 -2 0 .1 0 0 u ., 0 0 1 0 0 1 0 0 0 I) 0 0 0 !) 0 
2 0 !l n 0 0 0 0 0 " 0 0 0 0 0 0 0 0 0 0 0 1 2 ~ l. 
3 3 , ? 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 IJ 0 U 0 0 0 
4 () 0 0 0 0 0 0 1 0 0 U 1 ~ 2 3 2 3 2 4 4 4 5 5 
S ') S ') 6 4 4 6 6 6 2 0 0 II 0 G 0 0 0 !l 1 0 2 2 <! 
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FIGURE A6.2.1-5 

QUARTERLY S02 CONCENTRATION ROSES, STATION AB23 (1976-1978) 
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FIGURE A6.2.1-6 

QUARTERLY H
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FIGURE A6.2.1'!'7 

1 QUARTERLY NOX CONCENTRATION ROSES, STATION AB23 (1976-1978) 
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FIGURE A6.2.1-8 

QUARTERLY N02 CONCENTRATION ROSES, STATION AB23 (1976-1978) 
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FIGURE A6.2.1-9 

QUARTERLY CO CONCENTRATION ROSES, STATION AB23 (1976-1978) 
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Table A6.2.l-4 

UNIVARIATE TIME SERIES ANALYSIS FOR OZONE AUGUST 1975 

Station AB20 

Parameter: Oz ne (8/75)(hours 433-744) 312 data points 

Series: Ori gi na 1 Differenced by 1 and 24 

Series Mean: 42.6 0.101 

Series Variance: 278.9 34.84 

Trend at 95% Confidence Level: 0.0 0.0 

-23.0 

30.0 

Series Minimum: 

Series Maximum: 

Chi-Sq. for Data: 

Chi-Sq. at 95% Level: 

Model: (0,24,24) 

Coef. of Det: 

Residual Mean: 

Residual Variance: 

Residual Minimum: 

Residual Maximum: 

Residual Chi-Sq.: 

Chi-Sq. at 95% Level: 

8.0 

78.0 

2776. with 47 d.f. 

64.001 with 47 d.f. 

0.917 for original series 

99.4 with 47 d.f. 

64.001 with 47 d.f. 

0.311 

.179 

23.77 

-17.0 

28.0 

28.09 with 21 d.f. 

32.671 with 21 d.f. 

Discuss i on: This is an ARlMA model based on a twice differenced series by lags 
of 1 and 24. The form of the model is (0,24,24). The autocorrela

tion function of the differenced series contained significant spikes at lags 2, 
24, and 25. The trend term (.090239) ~Jas retained in the model even though it was 
not significant. The model has prob~ bly been overspecified in this case since 
the first difference of order 24 provided an autocorrelation function of lumpy, 
decaying exponential form similar to the hourly ozone series modeled for station 
AB23 August 1977 series. 

Based on autocorrelation function comparison, this series is judged equivalent to 
AB23 August 1977 series except that the mean value is much lower. 

NOiE: See Appendix AS.2.1D for discussion of Univariate Time Series Analysis. 
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Table A6.~.1-5 

UNIVARIATE TIME SERIES ANALYSIS FOR OZONE AUGUST 1977 

Station AB23 

Paran.eter: 

Series: 

Series Mean: 

Series Variance: 

Ozone 8/77 (116-403) 

Original (288 hours) 

96.1 

333.75 

Trend at 95% Confidence Level: 0.0 

Series Minimum: 

Ser1es Max1mum: 

Ch1-Sq. for Data: 

Chi-Sq. at 95% Level: 

Model: (1,24,24) 

Coef. of Det. 

Residual Mean: 

Res1dua1 Variance: 

Residual M1n1mum: 

Residual Maximum: 

Residual Chi-Sq.: 

Chi-Sq. at 95% Level : 

31.0 

129.0 

1480.3 with 47 d.f. 

64.001 with 47 d.f. 

Differenced by 24 

0.443 

287.37 

0.0 

690.00 with 46 d.f. 

62.830 with 46 d.f. 

0.24221 

66.313 

47.884 

62.830 w1th 46 d.f. 

Discussion: This is an ARIMA model of the form (1,24,24). The model was based 
on differencing once by 24 lags to obta1n an autocorrelation fun~

tion of a 1um,y, decay1ng exponential form. Significant lags occurred in the PACF 
of the differenced series at lags 1 and 24. Lag 1 was reta,ned in the autoregres
sive term and lag 24 retained in the moving average term. Trend was insignificant 
for both original and differenced ser;as. Forecast model fits data we1 and 
accounts for diurnal cycle of 24 hours. 

NOTE : See Appendix A5.2.1D for discussion of Univariate Time Series AnalYSis. 
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Table A6.2.1-6 

UNIVARIATE TIME SERI~S ANALYSIS FOR OZONE AUGUST 1975 

Station AB23 

Parameter: Ozone 8175 (hours 433-744) 312 data points 

Series: 

Series Mean: 

Series Variance: 

Original 

52.3 

204 . 57 

Differenced by 1 and 24 

.167 

36.34 

Trend at 951 Confidence Level: 0.0 

Series Minimum: 18. 

Series Maximum: 126. 

Chi-Sq. for Data: 1298 with 47 d.f. 

Chi-Sq. at 951 Level: 64.001 with 47 d.f. 

Model: (O,24.24) 

Coef. of Det: 

Residual Mean: 

Residual Variance: 

Residual Minimum: 

Residual Maximum: 

Residual Chi-Sq.: 

Chi-Sq. at 951 Level: 

.784 .275 

.0772 

25.97 

-43. 

+36. 

27.87 with 28 d.f. 

41.337 with 28 d.f. 

Discussion: This is an ARlMA model based on twice differenced series by lags of 
1 and 24. The form of the model is {0.24.24} with the moving term 

containing three parameters of order 1. 6. and 24. The autocorrelation function 
of the differenced series contained random spikes that were significant at lags 1. 
6. and 24. The trend parameter of .11026 was not significant but was retained in 
the final model. The model has probably been overspecified and could have been 
based on differencing by 24 only. The model and series is equivalent to that of 
ozone series for AB20. August 1975. 

A model ~sed on differencing once by 24 lags would likely yield a form similar to 
that of ozone series for AB23. August 1977 except for a much lower mean value. 

NOTE: See Appendix A5.2.1D for discussion of Univariate Time Series Analysis. 
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Table A6.2.1-7 

UNIVARIATE TIME SERIES ANALYSIS FOR PARTICULATES 

Station AB23 

Para~ter: 

Series Mean: 

Series Variance: 

Trend: 

Series Minimum: 

Series Maximum: 

Chi-Sq. for Data: 

Chi-Sq. at 95% Level: 

Mode 1 : (12 , 0 , 0 ) 

Coef. of Det: 

Residual Mean: 

Residual Variance: 

Residual Minimum: 

Residual Maximum: 

Residual Chi-Sq.: 

Chi-Sq. at 95% Level: 

Particulates (41 monthly data points) 

8.83171 

25.3322 

0.0 at 95% confidence level 

1. 10 

19.30 

70.7666 with 39 d.f. 

54.572 with 39 d.f. 

{1-.60112Bl)(1-.24026B12){Zt-8.83171)=at 

.402223 

-.496612 = 0 at 95% confidence level 

9.41857 

-4.71776 

10.9535 

13.4723 with 25 d.f. 

37.652 with 25 d.f. 

Discussion: This is an ARIHA (p,d,q) model where p = 12, d = 0, and q = O. 
The partial-autocorrelation function of the data showed signifi

cant lags at times one and twelve. The trend term was insignificant at the 
95~ confidence level. Although the chi-square statistic for the data was sig
nificant. the residual chi-square was not significant, indicating that the 
model has successfully reduced the residuals to uncorrelated white noise. No 
actual forecasting was done using this model. 

NOTE: See Appendix A5.2.1D for discussion of Univariate Time Series Analysis. 
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Table A6.2.1-8 

UNIVARIATE TIME SERIES ANALYSIS FOR CARBON MONOXIDE 

Station AB23 

Parameter: 

Series Mean: 

Series Variance: 

frend: 

Series Minimum: 

Series Maximum: 

Chi-Sq. for Data: 

Chi-Sq. at 95~ Level: 

Mode 1 : (1 ,0, 0 ) 

Coef. of Det: 

Residual Mean: 

Residual Variance: 

Residual Minimum: 

Residual Maximum: 

Residual Chi-Sq.: 

Chi-Sq. at 95~ Level: 

Carbon Monoxide (31 monthly data points 
filled in via forecasting.) 

816.040 

278064. 

o at 95~ confidence level 

239.3 

1847.~0 

68.3723 with 15 d.f. 

24.996 with 15 d.f. 

(l-.81378B)(Zt-816.040)-at 

0.6371 04 

a at 95% confidence level 

98534.9 

-675.863 

661. 020 

7.29373 with 14 d.f. 

23.685 with 14 d.f. 

Discussion: The above model is an ARIMA (p,d,q) model where p, the order of 
the AR term = 1, and d and q, the order of the differencing and 

MA terms, respectively = O. 

This data is considered too limited for a meaningful time series. However. 
modeling of the "filled in" data showed a residual mean of 0 and an insignifi
cant trend term at 95~ confidence level. The residual chi-square was not 
significant showing that the residuals had been reduced to noise. 

NOTE: See Appendix AS.2.1D for discussion of Univariate Time Series Analysis. 
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APPENDIX A6.2.3 

Site Log Sheets for 1978 Visibility Study 
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SIT! LOG SHEETS 

4/06/78 

~T 

0750 - Arrived .ite. Windy not to cold. 
h •• d. All view. lood vi.ibility. 
dry. 

Some .un.hin. but cloudy over
Cloud. on R on View 4. Road 

0830 - All view. lood - cl on hz on View 4 only. Real averca.t on Vi.w 4. 
No haze anywh.re. Still windy from .outh.a.t. linda unu.ual? Sun 
b.hind larl. cloud. 

0930 - No haze. Cloud. on B on View 4 only. Still windy. a little aor • 
• uu.hine. 

1030 - Som. haze. View 1 & 2. Shadow. on View 1 & 2. Still windy •• oae 
.un.bine with hilh wi.py cloud •• 

1130 - Rilb cloudin ••••• un shininl. Lilht hz on View 1 & 2. Cl au B on 
View 1. 2. 3. 

1300 - Bilh cloudin ••••• un .hininl. Lt hz. View ' l. Cl on H on View 1. 
2, 3. Warm 50+ and windy. 

1400 - Bilh cloud.. with .un. real liaht hz. View 1 & 2. &lal cl.ar 
on View 3 & 4. Shadow. on View 1 & 2. 

1500 - Bilh cloud •• lon.ra1 overca.t. not too auch .un. Lilht hz vi.w 
1 & 2 clear on View 3 & 4. Hal b.en windy. blu.try type .prinl 
day. 
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SIT! LOG SHEETS 

4/12/78 

H5T 
0800 Arrived .ite ~ Fanta.tic morning. Noc a cloud in sky. Sunny. 

0830 - No change. 
No breeze. 

Light hz all views .now on View 3 & 4. 
Hz a little more to the we.t. 

Not too cold. 

0930 - Nica - .li,ht breeze - SW. View 1 & 2. Have It hz while View 
3 '4. Not too cold no breeze h~ a little more to the west. 

1030 Sama a. 0930. Breeze picking up a li t tle. 

1130 - Lt Bz View 1. View 2, 3, 4 clear few scatt~red clouds. No 
cl on R .o~e breeze from SW - Nice out. 

1200 - Gattins windy. Some .cattared clouds. Very little hz on View 1 
'2. 3 & 4 clear. Still sunny most time~ clouds coming from 
ea.t. 

1400 Windy with some pretty good gusts. Lt hz on View 1. View 2, 3, & 
4 clear. Mora clouds. 

1500 Still windy - Snow on View 3. Almost gone. Some hz View 1. 
All other views clear. Not too warm now, otherwise real nice 
day. 

Dapart .ite 
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SIn: LOG SHEETS 

4/18/78 

KST 
0800 Arrived site. Calm. mo.tly clear. All view. vi.ible. 

0830 Sunny with .om~ cl. Lt hz all view.. Cl on Hz on View. 2.3. 4. 

0930 

No cl on View 1. a patch of .hadow between .ite & View 1. Hot too 
cold. Snow on View 4. 

C'l on H on View 3 & 4. 
view. except View 4. 
yeaterday. 

Calm and real nice. Snow i. lone on all 
Seem hazy in all direction. today - windy 

1030 - Ba. turned windy. hz is almost gone except View 1. Cl on B on 
View 3 & 4. A f.w scattered cl now to the N. 

1130 Still windy. shadow on View 2. Ht hz. View 1 - R •• t are cl.ar 
.eattered el and .unny. 

1300 Continue. to be windy - Lt hz View 1 & 2. Clear to the .a.t. 

1400 No chan,e - very few clouds left in sky now. 

lSOO Same - Windy but otherwise ha. been a real nice day. 

Depart site 
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4/24/78 

HIt 

SIn LOG SHIETS 

0800 Calm, .unny day. All vie .. visible. &o.e ha all view. 

0830 - No chanle. A few bilh vi.py cl. Snow on View 4. No cl on R. 
So.e du.t or .. oke in area of C-b vork.ite. 

0930 Cl Oft R Viev 1, 2, 3 - lt hz 1, 2, 3. 10 much Hz on View 4. 
Alway. heavier to the we.t. a.a11 .. ount of du.t can be .een fro. 
C-b work .ite. Sunny & It. wind. 

1030 - C1 on R View 1 & 2 lt hz ... t, View 3 & 4 not bad. Lt. wind hal 
.tarted. 

1130 Cl on horizon all view.. Lt hz Viev 1 and 2. 3 & 4 mo.tly clear 
viDd i. pickinl up a little more. Sunny. 

1300 - Quite a bit of wind, lu.ty. Cl on R all view lt hz. View 1 & 
2 Viev 3 & 4 .o.t1y clear becoainl overca.t. 

1400 - Cu.ty vind. at t~e. Cl on R all view.. Sbadow on View 3. Lt 
ha to the ve.t, better to the ea.t. Not a. overca.t a. 1300. 

1'00 - Cl on H all view., Wind ~.n't quite a. Iu.ty, cloudy to the south 
SUDD, - lt \'z View 1 & 2, 3 & 4 pretty lood. 

Real nice day 
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SIn LOG salTS 

4/30178 

HIT 
080' - Vi.v 1 • 2 covered with clouda Viev 3 • 4 caa be .eea but not 

too clear. a.ercaat vith .o.e aun, lilht vind blovial from SW. 
lain laat ailht .o.e .hover to weat aad northveat. 

0830 - S ... aa 0805. Soae cl.arial on akyliae to v.at. 

0930 - Ko aua. Lilht raia total a..rcaat. Caa a •• Vi.v 4 only cloud. 
OQ Viev 1, 2, • 3. Picturea taken fro. ia.id. cabia. 

1030 - All vi.va in clou~I, however cloae Objecta all viev are vi.ible. 
SUDDY to .outh. Windy. Mot raiainl at .it. DOV. 

1130 - Vi •• 2 , 4 viaible. lain .hower.. ~e .ua to .outh. Viev 3 
heavy clouda. Vi.v 1 clouda. 

1300 - Good raia at aite - a..rcaat caa ••• Viev 1. Viev 2, 3, , 4 cov.red 
with clouda. Wiad, lilht' out of SW. lfo .un DOV. 

1400 - Vi •• 1 - Vilibl. - ao.. lilht cla on Viev 2. Vi.w 3 • 4 ar. cov.red 
with cloud.. laia .hower. to Vi.v 4 .ua .hiaial alaia. But mo.tly 
ov.rca.t. 

1500 vie. 1 • 2 vi.ibl.. Vi •• 3 & 4 ia cloud.. Soa •• ua, but mo.tly 
cloudy. About .... all day. 

Depart lite 
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SIn LOG SREETS 

'/6178 

KaT 

0800 1" Inow at lite - overcast - with lOUle lunshine. View 2 & 4 visibHe 
witb cl On View 1 & 4. Calm. ~ome blue sky. too mOltly overhead. 

0830 C1 on Ball viewi. 
o.erealt rilbt now. 

View 1, 2, 3 vilible. View 4 in clouds. Calm. 
Radio says 100% for .hovers & or snow today. 

0930 - Viev 1 , 2 vi.ible. Viev 3 jUlt barely vi.ible. View 4 Inovinl. 
Wind elLa, a bit more cloudy - seem. to be clo.ina in a bit. 

1030 - weatb.r lettinl wor.e. Can only see Viev 2. Storm mavinl w •• t 
to ••• t. ...1 lilht vind. No sun. Lilht snov on all hilher 
ar •••• 

1130 - Vi.v 1, 2, 3 vi.ible. Snowing View 4. No .un. No wind. No 
•• rmth. Li.ht .now & rain .howers at sight. Not much chanle. 

1300 Vi.v 1 , 2 vi.ible. Snovinl elsewhere. Ju.t minutes after picture. 
vel" tak.n a .nov.torm at .ite. 

1400 - All vi •• 1 Inovinl. SOUle .un overhe.d lood .no •• torm from NY. 

1400 Snovinl all vie.l. Sun overhead some wind. Not too hot a day. 

Dep.rt lit. 

lOTI: Forlot to chanle the month on calibration card! 
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SIT! LOG SHEETS 

5/12/78 
... 

MST 
0805 Sunny with a few scattered clouds on horizon to North & NE. 

Breeze from SW. ice mornina. 

0830 Cl on H on View 3 & 4. Lt hz on View 1, 2, 3. View 4 real clear, 
Inow on View 4. A low el on 4 north & ealt. Sunny with breeze from 
SW. Some aUlt •• 

0930 Cl on Hall viewi. 
breeze and Iunny. 
either. 

Lt hz. View 1, 2, 3. View 4 clear. Liaht 
No du.t at all from C-b work .ito, or from Ca 

1030 View 4 cleare.t 1 have ever .een. Cl on horizon View 1, 2, 3. 
Lt hz View 1 & 2. Sunny with breeze & .ome gu.t. from SW. 

1130 Cl on Horizon, View 1, 2, 3. View 4 real clear. Lt hz on 1 & 2. 
3 il not bad. Sunny, light wind and some gusts. 

1300 Clear H on View 3. Lt hz View 1 and 2. View 3 and 4 clear. 
Almolt a cloudle'l day - .unny - some wind and auatl. 

1400 - No cl on Hall viewi. View I liaht hz. View 2, 3, 4 are clean. 
Breeze blowing from W with some aUlt •• Clear & lunny. 

1500 - No cIon Hall viewl. Lt hz in we.t, cleaner to the ealt. Wind 
almolt calm. Real nice day. 

Depart lite lSlO 
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SIT! Loe SUETS 

5/18/78 

HST 

0800 Skiff of .now OD Iround at site. Breeze from we.t, cool, .cattered 
cloud.. Some .unthine. Viev 1, 2, 3 vitible, hz to the northwe.t. 
Viev 4 in cloudt. load ha. b.en Irad.d. 

0830 Viev 1, 2, 3 vi.ible, .ome hz. Cl on 4. All viev. - .cattered 
clt .oa. 'un, breeze (cool) from vatt. 

0930 - All viev. vi.ible. 
-- .nov on Viev 4. 

Lt hz in eatt to con.iderable amount. in we.t 
Scattered cl, .ome .un. 

1030 Same a. 0930 but a little more wind. Some IUlt •• 

1130 Quite a bit of hz to the we.t and ~lear to the ea~t. Mo.tly 
overca.t vith .hadow. from 'UD. Lt breeze from W. 

1300 - Not much chanle. 

1400 - Overca.t at .ite, vith shadowt View 3 & 4. Lt. breeze with lutt •• 

lSOO View 4 in .un.hine, overca.t rett of view.. Not much haze a. 
vind i. stronler now. 

Depart .ite 1510 
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SIT! LOG SHEETS 

S/24/78 

~T 

0800 Only 2 cl in .ky - vind fro. SE? Quit. a bit of haze ..... 
b.avi •• t to tbe NW. 

0830 Heavy Hz on Vi.v 1 & 2. Moderatl. hz on Viev 3 & 4. Viev 4 ba • 
• nov. Windy - out of SEe Sunny. ao..tia •• luaty. 

0930 Note quite a. bazy a. 0830 .till windy. Not auch chanae. 

1030 Viev 4 ia c1.arinl up. Mu.t be the vind. Still hard to Ie. Vi.-
1. Windy fro. SE vith .a.e Sood susta. Sunny & nice. 

1130 

1300 

1400 -

lSOO 

S .. e al 1030. but .tartin, to set .ome .cattered cloud • .oatly 
north. 

Fairly clear to the ea.t but let. ha.y to a point in where 
you can hardly .ee Vi.v 1. Wind ia .hakinl the .belter? "al 
JU.ty. Quite a fev cloud. from the .outh. 

Real hazy Viev 1. Viev 2 not quite .0 bad. lilht bz. Viev 3, to 
alao.t clear Viev 4. Windy. cloud. are .akin, .oa •• badova. 

Same a. 1400 - Hovever cl are no on B on Viev 1, 2, 3, v.ry windy 
day .tora .ovin, in fro. NW. 

Depart Sit. lS1S 
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qITI LOC SHEETS 

5/30/78 

MST 
0755 Pretty lunny morDin,. Li,bt breeze fro. NE. All view vi.ibl. 

Snow on View 4. All view. It. hz. 

0830 No cl or R View I & 2, 4, cl or h Viev 3, lunny vith br.eze fro. 
NW. Se ••• to be .ore hz in the N! than evan before. Snow on 
Viev 4. 

0930 We.ther about the ..... No cl on b now. Soae cl to the north. 
Li,bt hz all view •• 

1030 Not auch chan,e. View 4 .ay be a bit clearer. S .... like more hz 
in ar.a of lio Blanco. 

1130 Cloudy to the .a.t. Wind from W.lt. Lt hz all viev.. Cool 
ouuid •• 

1300 Wind fro. NW. Cloudy ov.r .uch of the louth and ealt. Vi.w 
4 much cl.ar.r and Vi.v 1 hal .or. hz. 

1400 Overca.t - .om. Ihadow •• 
va.t to It hz in the Ea.t. 
th. !a.t. 

Cl Oft 4. All vi.w. moderate hz to the 
Still vindy look. like .oa •• hover. to 

1500 Ov.rca.t - len.rally cloudy everywh.re. Still windy ,.ttin, 
pr.tty hazy in the ea4t, Viev 4. 
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SIn LOG SHEETS 

10/05178 

NST 
0755 - SUDDY IDOrninl. Calli. All views viaable. 

0830 - No CL. on H. SUDDY & no han. Calli. 

0930 - Sa.. clouda on Hor. to N. but not in picture area. Sliaht 
haze all vie".. S11abt viud from eut. 

1030 - Same as at 0930. Still some haze. Wind now in west. Sl1&htly 
cooler. 

1130 - Some cloude on B. - N.W., but not in picture area. Slight 
haze all view.. Wind from we.t. 

1300 - CL. on H. view. 1,2,4. Haze still exists. Wind rrom west. 
More haze on views 1 & 2. 

1400 - CL on H. views 1,2,3. Haze still exists. Wind from N.W. 

1500 - CL. on H. vie". 1,2,3,4. Has been a nice day. 

1510 - Departed sit •• 
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10/U/78 

!Ifr 

SITE LOG SlIIETS 

0800 - Arrtwd OIl aiallt. CL. OIl Hr. aiahts 1,2,3,4. Calm & warm. 
All view viaable but haze all all aiabu. 

0830 - CL. aD Hr all viewa. Still SUDDY & warm. No wind. 

0930 - More CL. OIl view 1,2,3. Not yet heavy on view 4. No wind . 
• oa hue. Looks like chan,e of .,eather frolll N.W. 

1030 - About ...... 0930. Clouds slowly rising. Still no wind. 

U30 - GettiDl quite a lot of haze, views 1,2,3. Breeze blOwing 
fro. H.W. CL OIl Hr all views. Very clear south & east. 

1300 - Haze bas lifted. All sights still CL. on Hr, but clouds more 
broken. S11pt breeze from N.W. 

1400 - Clouds mre broken. Hue has 11fted. CL on Hr. Wind fr01ll N.W. 
SUDDY , war.. 

1500 - Sow. CL. on Hr. Views 1,2,4. Clear on view 3. Wind stronger. 
StUl wana & sunny. 

1510 - Departed site. 
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SITE LOG SHEETS 

10/17/78 

~T 

0800 - Arrived at si&ht. Cloudy all directions. Siahts are visable. 
but all have haze. 

0830 - Cloudy all directions. All sights barely visable. Southeast 
wind. All sights have haze. 

0930 - Same as at 0830. No wind. 14 barely vi.able. 

1030 - Some broken clouds overhead. Still cloudy to 8iahts. Wind from 
south. 

1130 - Clouds more broken. All sights, clouds and haze. Wind ~trong.r 
from south. 

1300 - Variable high cloudiness. Haze on siahts 1,2,3. Cannot s.e 
#4. Wind strong.r from south. 

1400 - S .... darker all sights. But high clouds so that all si;hts 
are visable. 

1500 - "About the same. More haze in picture areas. Wind strong. 

1507 Dearted site. 
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SITE LOG SHEETS 

10/23/7a 

MST 
0800 - Arrived on siaht. Sunny & very clear to viewo 1 & 2. Views 

3 & 4 cannot .ee due to low clouds. No wind. Cloudy to N & W. 

0830 - Very clear, views 0 1 & 2. Views 3 & 4 still covered with 
clouds. No wind. 

0930 - Same as at 0830. Slight breeze from east. 

1030 - Sights 1 & 2 still v.ry clAar. 03 can now be seen under 
clouds. 14 still covered with clouds. Clouds seem to be 
breaking up. 

_130 - All sights now visable. Some haze on view 1. View 4. snow on 
peak. 

1300 - Sliaht haze, views 1 & 2. Views 3 & 4 extremely clear. Slight 
breeze from west. 

1400 - Sa .. as at 1300. 
Some haze 13 & 4. 

Slight breeze from west. 
(No h.at in shelter) 

Seems some cooler. 

1500 - All locations very clear. Very nice day. Sunny & 001. 

1510 - Departed site. 
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1~/29/78 

~T 

SITE LOG SHEETS 

0810 - Arrived at .ight. All .iaht. very clear. Sunny & Bri&ht. 
Hoderate wi~d from S.E. 

0830 - Condition. ..... Slight haze views 1 & 2. Vieva 3 , 4 very 
clear. Wind from S.E. cool. (No heat at location) 

0930 Same .. at 0830. Wind much stronger. 

1030 Mere haze, views 1,2,3. Quite clear on view 4. Still very 
windy. A few high clouds forming. 

1130 Mere haze, all four locations. Very windy. 

1300 Still haze, all four locations. Strons & gusty wind from S.E. 

1400 CL. on Hr views 1,2,3. Haze on view 4. Stroug wind from S.E. 

1500 Cl. on Hr. Views 1,2.3. Haze on view 4. Wind still strong 
from S.E. 

1515 Dep3~ted site. 

206 
1137 



SIn LOG SHEETS 

11/04/78 

~lST 
0800 - Arrived at sight. Some hiah clouda. No wind. Ulht clouD 

all directions (trying new equip_nt today). Conditions s_. 
Liaht clouds all directions. But siJhts are visable. 

0930 - Condition same. Uttle more haze. Slilht breeze fro. S.E. 

1030 - Light clouda & haze, view 1 & 2. A little le .. haze, viewa 
3 & 4. Slight breeze from S.E. 

1130 - Conditions ..... 
1 & 2 more haze. 

Clouds in backlround, all locations. 
Wind haa lOtteD stronger. 

newa 

1300 - High clouds & baze, views 1,2,3. Clearer on view 4. Conditions 
about same all day. 

1400 - Conditiona same. Wind baa let up some. 

1.300 - Haze has lifted aome. Kish clouds on all locationa. Conditione 
have remained aame all day. 

Tried new equipmant today. Am sure I need more instruetion. 
No conaistancy to readinss. 

1515 - Departed lit •• 
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SITE LOG SHEETS 

11/10/78 

HST 
0800 - Arrived at si&bt. Snowing liabtly . Light snow cover at sight. 

No silht. are visabl •• 

0830 - Conditions same. Light snow. No wind. Visability about 
2 1I:I.1.s. 

0930 - Visability haa lifted some. Still no signts visable. ~ot snovina 
at pre •• nt. 

1030 - Littl. more viSAbility. No sights yet visable. 

1130 - Clouds all locations. Getting much colder. 

1300 - Cloudy vieva 1-2-3. View 4 barely visable - (T.sted this 
view with new inatrument). First reading I have taken today. 
View 4 only. 

1400 - CL views 1-23. 14 barely visable. Took readina on instrument 
vi.w, 4 only. 

1500 - Cloudy. Conditions same as at 1400. laading of new instrument 
on view 4 only. 

This has been a cloudy, cold day. 

1515 Departed site. 



SI'I'E LOG SHEETS 

11/16/78 

MST 
0810 - Arrived at sight. About 8" of snow on ground. Completely 

locked in. Visibility all directions about 100 yarda. No 
wind. 

0830 - Conditions same. 

0930 - Conditions same. 

1030 - FOI has lifted some. Visibility now about ~ aile. 

1130 - Still no sights vi.able. Visability about 1 mile. No wind. 

1300 - Visibility much Ireater. Still no stghts visable. No wind. 
'anly cloudy. 

1400 - Conditions about same as at 1300. View 14 slightly visable. 
CL on Hr. all directions. 

1500 - CL obstruct views 1-. 3. 04 slightly visable. View 4 is only 
time I could take reading on new instrument. 

Baa been a cold day. No wind. Departed sight 1520. 
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SITE LOG SHEETS 

11/22/78 

HST 
0820 - Arrived a little late. 

hard at present. About 
like it will be another 

Slipped off road on way in. Snowing 
1 incn of new .now on around. Looks 
bad day. 

0830 Conditions same. Snowing hard. Vi.ability about ~ mila all 
direction.. Sliaht wind from S.E. 

0930 - Still .novina, but is cl.aring. Some blue sky overhead. 
Slight wind from south. 

1030 - View 11 not visable. Vi.ws 2-34 bar.ly visable. Wind strong 
fro. south. Very cold. No haze in cl.aring ar .... 

1130 - Views 1 & 2-4 not visable. View 3 is visable. Cloudy all 
directions. Strong wind from south. Cold. 

1300 - Views 1 & 2 not visable. Snowing to the west & N.W. View. 
3 & 4 visabl. with clouds overhead. Wind is strona from south 
with so'me drifting now to 2'. 

1400 - All sights visable with background & HR of clouds. Still very 
windy and cold. 

1500 - All sights visable. CL on HR. No haze but clouds all around. 
Windy and cold. 

1520 Departed site. 
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SITE LOG SlI!!'IS 

11/28/78 

~JS'I 

0800 - Snowinl 11ahtly. Completely overce.t. About 6" new .now 
on lround. Cold w1nd froll .outh. 

0830 - SnoviDl harder. Visability about ~ llile. Completely overca.t. 
About a foot of .now on lround. 

0930 - Conci1 ti.!)Q. • .... 
ana ther bad day. 

Snowinl· Wind froll .outh. 
"4th day in a row." 

Looks like 

1030 - Snawinl very lilht. No sights yet vtaable. Wind strong from 
.outh. Cloud cover not so heavy now. 

1130 - No .ight. yet vi.able. Strong wind frail .outh and very cold. 

1300 - No .iiht. vi.able. Snowinl lilhtly alain. Wind stronl. 
htr .. ly cold. 

Becauae of poor vi.ibility - blowinl and driftinl snow _ 
decided to leave now rather than take a chance on getting 
cauaht in worse weather. 

1345 Departed lite. 
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Table A6.3.1-1 

UNIVARIATE TIME SERIES ANALYSIS FOR TEMPERATURE 

Station AB23 

Parameter: 

Series Mean: 

Series Variance: 

Trend: 

Series Minimum: 

Series Maximum: 

Chi-Sq. for Data: 

Chi-Sq. at 951 Level: 

Model: (12.0.0) 

Coef. of Det: 

Res1dual Mean: 

Res1dual Variance: 

Residual Minimum: 

Residual Maximum: 

Residual Ch1-Sq.: 

Ch1-Sq. at 951 Level: 

Temperature (41 monthly data points) 

6.04651 

68.3787 

o at 951 confidence level 

-5.0 

21.0 

232.294 with 41 d.f. 

60.561 with 41 d.f. 

(1-0.089864B - 0.84552B12)(Zt-6.04651) • at 

0.849677 

o at 951 confidence level 

9.86816 with 45 d.f. 

61.656 w1th 45 d.f. 

D1scussion: This is an ARIMA (12.0,0) model where 12 • the order of the auto-
regressive terms. 0 • the order of the difference term (there is 

no differencing). and the last 0 • the order of the moving average terms (there 
are no '~ving average terms). The trend was not signif1cant at the 951 conf1-
dence level. Although the ch1-square stat1stic for the data is significant at 
the 951 level. the residual chi-square is not significant. indicating that the 
res1duals have been reduced to uncorre1ated white noise. The partial autocorre
lation function of the actual data had significant spikes at lags 1. 2. 3, and 
nine. Insignificant parameters were discarded to obtain the current model which 
fits the data well and accounts for an annual cycle of 12 months. 

NOTE: See Appendix A5.2.1D for discussion of Univariate Time Series Analysis. 
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SEASOIIAl. 
SlA. ITE~ YEAR OEC 

Al20 ""'Y Ml. 1975 7 
Al2J · • 1975 9 
Al20 ..,.., AVG. 1975 -11 
Al2J · · 1975 -4 
Al20 HOtRY MIN. 1975 -34 
Al23 · · 1975 -18 

~ 

Al2e HOURLY MU. 1976 11 
Al23 · · 1976 10 
Al20 HOtJRL Y AVG. 1976 -6 
Al21 · · 1976 -2 
Al20 IOJM.Y MIN. 1976 -26 
A821 • · 1976 -14 

Al20 HOURlY MI. 1977 
Al2J · · 1977 8 
Al20 HOtRY AVG. 1977 
Al2J · · 1977 -3 
Al20 HOURlY Mil. 1977 
Al23 · · 197)' -13 

M20 HOtRY Ml. 1978 
Al21 · · 1978 13 
Al20 1«>URl' AYG. 1978 
Al2) · · 1978 4 
A820 HOtRY MJI. 1978 
A821 · · 1978 -8 

TAIIlE M.l.l-Z 

All TDftItATUll£. 1011 (OC) 

JM FO .. 
10 8 15 
6 6 10 

-9 -7 0 
-5 -4 -1 

-43 -31 -33 
-21 -18 -21 

8 11 13 
8 9 11 

-9 -3 -4 
-4 -1 -2 

-41 -29 -32 
-21 -14 -15 

7 12 12 

-5 -2 -2 

-20 -13 -16 

13 6 15 

7 -3 2 

-2 -15 -11 

(1) Plrttll DltI Onl, 

(2) Stltton lnopenttve 

API MY 

21 ZI 
20 Z2 
Z 9 
2 8 

-28 -9 
-14 -6 

20 27(1 ) 
17 2J 
4 11 
6 11 

-9 -7(1) 
-6 -3 

19 22(1) 

6 9(1) 

-11 -2(1) 

18 24 

6 9 

-5 -4 

Ala 
MI. 

JUII ~ AUG SEP OCT IIOV AVti. 
Mil. 

Jl 32 Jl 28 25 18 32 
28 29 28 26 22 17 29 
14 19 17 12 6 -J 4 
13 19 18 13 8 0 6 
-1 6 -2 -8 -18 -27 -43 
1 11 4 -2 -10 -16 -21 

30 34 Jl JO 25 (2) 34 
28 31 27 27 22 15 31 
15 21 18 13 J (2) 
16 21 18 13 6 1 7 
-8 4 1 -4 -14 (2) -41 
-6 10 , 2 -9 -19 -21 

28(1 ) 28(1) 29 J4 Z2 18 34 

20(1 ) 21(1) 19 15 5 J 7 

7(1) 11(1 ) 3 -4 -12 -17 -20 

(2) 29 27 
28 31 29 28 31 

(2) 17 14 
17 21 18 15 

(2) 2 -4 
2 7 2 -1 -15 



YEAR 

1975 

1976 

1977 

I 
1978 

TABLE A6.3.1-3 

G~OWING SEASON AND DEGREE-DAYS BY YEAR 

GROWING SEASON* DEGREE-DAYS** (OC-DAYS) IN 

APR- HAY- JUN-
START STOP LENGTH GROWING HAY- JUN- JUL-

(days) SEASON JUN JUL AUG 

May 26 Sept 21 118 84 8 57 84 

June 14 Oct 5 111 111 15 87 108 

Apr 21 Sept 14 144 110 23 70 110 

May 15 Sept 17 124 223 33 121 169 

* Hourly minimum air temperature always >OoC 

** 
j [ Tav - 650F] X (flo. of days in month for which Tav applies) SLllJlled over appropriate 

number of months 

JUL-
AUG-
SEPT 

76 

93 

87 

163 
~ 

Where Tav = daily average temperature (OF) specifically for those days whose average is 
over 650F 

(Ref: Munn (1970)) 



"TIt 

<D 

11/74 
12/74 
1/75 
2/75 
3/75 
/75 

5/75 
/75 

7/75 
/75 
/75 

10/75 
1/75 

12/75 
1/76 
2/76 
3/76 
/76 

5/76 
/76 

7/76 
/76 
/76 

10/76 
11/76 
12/76 
1/77 
2/77 

03/n 
04/77 
05/77 
06/77 

7/77 
/77 

09/77 
10/77 
11/77 
12/77 
01/78 
02/78 
03/78 
04/78 
05/78 
06/78 
07/78 
08/78 
09/78 
10/78 
11/78 
12/78 

TABLE M.3.1-4 

DIRECT SOLAR RADIATION 

TOTAL LANG. DAYLIGHT 
FOR IOfTH HRS PER 

UNf'«)O. fl«)D.* I()NTH 

~ ® 

4121 4256 10 300 291 1.031 141.9 
1878 3500 10 310 167 1.85G 112.9 
4036 4396 10 310 284 1.092 141.8 
6880 7305 11 308 291 1.058 260.9 
7586 10076 12 372 280 1.329 325.0 

10940 11325 13 390 375 1.040 377.5 
14559 14559 14 434 434 1.000 496.6 
13762 15667 15 450 395 1.139 52~.2 
16079 16659 15 465 447 1.040 537.4 
15005 15870 14 434 409 1.061 511.9 
11849 12324 13 390 375 1.040 410.8 
10089 10114 12 372 372 1.000 326.3 
4615 4670 10 300 297 1.010 155.7 
3957 4007 10 310 307 1.010 129.3 
6166 6176 10 310 310 1.000 199.2 
8102 8102 11 308 308 1. DOC 279.4 

1 856 12046 12 372 365 1.019 J88.ti 
11990 13225 13 )90 355 1.099 440.8 
14693 15198 14 434 421 1.031 490.3 
18674 18689 15 450 450 1.000 623.0 
171112 17292 lJ 465 460 1.011 557.8 
15351 15961 14 434 417 1.041 514.9 
11477 11477 13 390 390 1.000 382 .6 
10178 10178 12 372 372 1.000 328.3 
6725 6725 10 300 299 1.003 224.9 
5685 5685 10 310 310 1.000 183.4 
6043 6043 10 310 J09 1.003 194.9 
7850 7850 11 308 308 1.000 280.4 

10737 11059 12 372 360 1.033 356.7 
12870 12870 13 390 390 1.000 429 .0 
16228 16390 14 434 431 1.007 528.7 
18590 18590 15 450 450 1.000 619.7 
14256 16124 15 465 420 1.107 520.1 
13970 14249 14 434 424 1.024 459.6 
11904 12380 13 390 375 1.040 412.7 
9676 9870 12 372 365 1.019 318.4 
5580 6026 10 300 279 1.075 200.9 
1328 10 310 81 
1147 10 310 98 
4508 8250 11 308 168 1.833 1.94.6 
954 12 372 22 

13 390 
7587 14 434 183 
- 15 450 

183S 15 465 55 
Hi327 1~1 14 434 431 1.007 530.4 
12107 12557 13 390 376 1.037 418.6 

• "Modified" by the rltio of totll-daylight to uptime-daylight hrs/mo 
for clses ~here uptime ~ 5~ of total. 

215 
1146 

DAILY TOTAL/DAT[ 

HIGHEST LOilEST 
(9) 0 

225/11 1/3 
164/9 0/7 
266/1 22/28 
416/24 100/15 
479/19 142/9 
550/25 65/7 
706/26 ~/28 
737/26 166/18 
687/6 227/16 
665/3 324/13 
545/6 j80/11 
446/1 28/31 
279/1 11/28 
207/18 13/25 
303/29 85/5 
393/22 59/6 
567/30 133/25 
656/28 187/17 
732/16 224/6 
741/21 227/22 
720/4 229/5 
665/5 193/1 
558/2 155/24 
440/7 143/26 
307/1 75/13 
242/1 73/5 
376/25 54/5 
409/27 92/22 
523/27 110/17 

598/10&24 90/19 
717/18 209/14 
744/H 381/7 
731/10 269/4 
674/1 172/17 
568/2 121/28 
667/2 89/31 
323/1 36/19 
229/5 75/3 
749/13 67/18 
404/18 90/3 
101/JO 67/31 

714/1? 5/21 

646/30 366/29 
66JiJ 234/14 
483/22 126/18 



i::I 

SEASOUl 
STA. ITEM YEAII DEC 

.. 23 HOURLY MI. 1975 100 

M23 HOURLY AY6. 1975 69 

Al23 HOURLY MI •• 1975 25 

Al23 HOURLY MI. 1976 90 

Al23 HOURLY AV6. 1976 62 

Al23 HOURlY MI •• 1976 34 

Al23 HOURLY MI. 1977 96(1) 

M23 HOURLY AV6. 1977 58(1) 

Al23 HOURLY MI •• 1977 30(1 ) 

Al23 H(ULY"'I. 1978 99 

Al23 IllULY AVS. 1978 65 

MZ3 HlULY MI •• 1978 10 

JAIl FEI 

100 100 

68 72 

26 32 

90 119 

62 57 

25 22 

(2) (2) 

(2) (2) 

(2) (2) 

97 96 

74 71 

32 25 

TAiLE M.3.1-5 

RELATIVE HUMIDITY (I) 

MIl APR 

100 100 

72 67 

37 32 

JO 98 

56 53 

23 21 

74(1) 100 

56(1) 67 

41(1) 37 

" 9S 

66 53 

20 14 

(1) 'arttal Dlta 0.1), 

(2) III •• t .. DI~ 

.;r. 
MY JtII JII. AU6 UP OCT IOV AVG. 

Milt 

100 100 100 17 93 100 100 100 

64 54 54 29 35 40 53 56 

28 25 28 12 16 15 19 12 

90 99 96 100 99 M 97 100 

51 44 47 50 59 51 56 54 

24 27 29 32 32 32 32 21 

(2) 80 (2) (2) 99(1) (2) (2) 100 

(2) 24 (Z) (2) 37(1) (2) (2) (1) 

(2) 1 (2) (2) 15(1 ) (2) (2) 1 

M 96 M M '7 99 

49 42 38 38 45 

13 12 9 9 8 • 



....J 
U 
>< .... 
• 

( ) • Es tilUte 

STATION 

USGS 022 

USGS 015 

USGS 058 

1- USGS 050 

USGS 070 

AQ Sta 020 

AQ Stl 023 

II: Stl 1 

II: Sta 2 

II: Sta 3 

II: ~ta 4 

II: Sta 5 

Me Sta 6 

II: su 7 

II: Sta 8 

II: Sta 9 

II: Sta' II 

AVERAGE· 

AVERAGE EXCt. II: 

C0f4~ 

PUTER 
COOE 

WUll 

NU15 

VU58 

WU50 

W070 

AS20 

A823 

BeOl 

Be02 

8C03 

Be04 

Be05 

Be06 

BC07 

BC08 

BCQ9 

Bell 

TABLE A6.3.1-6a 
MONTHlY PRECIPITATION FOR 1975 

KJHTHLY TOTAl 

JAN FEB MAlI APR MAY JUN Jll. 

2.S4 2.74 0.71 

1.27 1.22 2.S4 2.5 5.18 2.36 

1.27 1.52 1.65 0.28 1.27 

5.74 4.01 6.78 5.21 2.54 

(1) 
Est1IUted -Trlct- average fro. 
ratio of WUlO to the average of 
WU1S, WUSO, and NU22 for the 
mnth of February, 1.e.: 

1.69 1.80 
5.74 x 4.Of • 2.42 

1.80 

2.62 2.49 0.60 

2.59 4.62 2.50 

2.18 1.30 

3.40 6.99 2.40 

0.53 3.2E 4.60 

0.64 1.52 3.20 

3.05 1.00 

'i.59 3. J(J 3.H 

IJ ~ . 2.42 1.66 1.8 1.6 2.28 3.62 2.16 

(2.42) 1.69 1.8 lot; 1.43 5.1/l 1.82 

MM. 
(ell) TOTAL 

AUG SEP OCT NOY DEC ~~i~~ 
2.87 1.22 2.S4 

0.30 0.66 2.79 2.79 2.03 

1.65 1.09 2.29 

0.51 1.65 1.78 2.01 

Q.ll3 1.02 4.81i 4.95 4.01 

1.00 0.08 0.4 o 76 1.15 

0.80 0.20 0.41 1.42 1. 35 

0.40 1.19 0.4t 1.27 1.15 

1.00 0.36 O.S( 1.14 1.52 

1.10 0.13 0.1< 2.49 1.10 

0.70 0.61 0.41 3,07 1.37 

0.40 0 

0 0 0 

3.40 0.B6 0.4 0.97 1.50 

4.30 0.03 O.~ L50 1.65 

1.32 0.4Cl 0.9t 1.72 1.48 (24.8t 

1.33 0.99 2.lC 2.29 2.02 (24.95 



-' u 
>< .... • 

( ) • rstillite -

STATION 

USGS 022 

( 

USGS 015 

USGS 058 

USGS 050 

USGS 070 

AQ Sta 020 

~.Q Sta 023 

K: Sta 1 

It: Sta 2 

M.: Sta 3 

PIC Sta 4 

Me Sta 5 

K: Sta 6 

Me ~ ta 7 

Me Sta 8 

I«: S ta 9 

Me Sta II 

AV[RAGE· 
1---

AVERAGE EXCL. Me 

~ 

CeM-
PIITER 
CODE JAN FEB 

WU22 

WU15 4.06 

Wl1SS 

WU50 4.32 

WU70 1.47 B.71 

A820 

A823 

BCOl 3.90 

BC02 3.411 

8C03 4.1: 4.6(1 

BC04 2.29 2.4B 

BCOS " 4.30 3.09 

8C06 2.20 0.9S 

8C07 2. 20 I':' 1.41 

,., 8COS 1.10 0.6~ 

8C09 2.00 ~ . 15 

BCll 3.10 2 .5~ 

2.86 2.81 

0 4.H 

~.",.- ., - -- --. • - - ----~, .... -:'Q;: ... ~""'-"'" 

TABLE Ai.l.l-6b 
MONTHLY PREe"PITAT"ON FOR 1976 ; • 

DTHl. Y TOTAl 

MM APR MY JUN JUl. 

4.06 2.01 4.24 

4.29 1. 7B 3.05 2.01 2.92 

2.90 4.09 

4.32 1.65 3.48 1.6(1 2.41 

5.82 4.62 

4.10 0.79 0.9 0 

4.60 1.52 loS( 0 

9.22 4.90 6.30 1.6 106 

0 0 1.81 O.lE 

3.20 0.97 0.9 0.2e 

2.63 0.79 1.&B 2.21 3.S~ 

2.40 2.16 0.91 1.5 1.3 

2.90 2.01 0.74 0.2 

4.80 1.1! 1.37 0.2 

3.86r 1.88 2.3( 1.67 1.6 

4.311 1.7i1! 3.5 2.13 3.4 

(ca) ANN. 
TOTAl 

AUG SEP OCT NOY DEC 
AWJAl 

(EST) 

2.26 2. 79 0.51 .-
0.13 2.46 0.10 0 

1.12 I:J 

~ 

Tr. 2.03 0 0 

1.68 4.29 1.47 0.79 0.84 

0.74 

0.99 

1.30 0.66 

0.76 0 

1.30 0 .11 0 

1.47 0.79 0 0 0 

0.71 2.87 0.43 

0.56 0.91 2.14 

1. 78 0.72 0.86 

1.55 

1.73 -

1. 73 

1.17 1.62 1.03 G.25 0.29 iC21.4Q 
0.87 2.43 0.51 0.10 0.43 23·641 



-' u 
>< .., 
• 

~ 

STATICil 
I 

USGS 022 

r ~ USGS 015 

USGS 058 

USGS 050 

USGS 070 

All St. 020 
f-

AIl St. 023 

fI: St. 1 

fI: St. 2 

fI: St. 3 

fI: St. 4 

fI: St. 5 

~ Stl 6 

..: Stl 7 

fI: St. 8 

fI: St. 9 

fI: St. 13 

AVERAGE· 

AVERAGE nct. fI: 

alii-
MEl 
alii( .1M fO 

11122 

W15 1.09 0 •• 

WU5I 

WU50 1.09 0.30 

1lU70 1.91 1.70 

M20 2.31 1.19 

,.23 2.03 1.35 

BCOI 

BC02 

BC03 0.05 0.03 

BC04 0.04 0.03 

BCOS 

BC06 0.12 0 

BC07 0 0 

BC08 

BC09 

BCI3 

0.84 0.41 

2.21 0.81 

Ta( M.l.l-Ie 
MMIU ,.C.,ITATI ... lin 

anu lOTAL -API MY .. -2.03 0.21 6.05 

Z.t 0.53 1.15 0.08 5.05 

2.36 0.51 1.61 

2.18 L70 2.34 0.25 4.17 

7.39 3.40 0.21 1.52 

4.24 3.15 2.39 0.38 3.91 

4.01 3.18 2.79 0.41 4.70 

0.004 0.15 0.03 0.02 17.80 

O.eM 0.13 0.10 0.03 

0.0 0.09 0.08 0 872 

n nlA n'I\ 

-

2.01 0.88 1.42 0.22 6.51 

3.3 2.14 2.75 O.le 4.26 

•• (CII) TOTAL Imr, AUG UP OCT .,. DEC 

6.SO 5.14 2.14 

5.11 3.40 2.14 4.22 

6.15 5.14 1.55 

5.36 2.83 1.32 4.29 2.74 
b. 

6.05 3.71 2.3fi 4.98 3.21 

5.18 9.27 2.57 4.37 3.43 

5.66 3.73 2.24 3.66 2.16 

4.3~ 0.86 I 

log( 0.56 

4.7( 1.02 

2. 7~ 0.74 

2.11 0.36 

1.91 0.97 

LI\: n.fiIi 

4.44 0.63 

1.4 0.46 

4.0 ".14 

5.67 5.04 2·1 1.71 2.78 3O.3~ 

5.67 5.04 2.2 4.14 2.78 (35.74) 



...J 
U 
>< ... .. 

( ) • Esttllate 

STATI<II 

USGS 022 

USGS 015 

USGS 058 

USGS OSO 

USGS 070 

AQ Sta 020 

AQ Sta 023 

..: Sta 1 

..: Sta 2 

..: Sta 3 

..: St. 4 

..: Sta 5 

It: St. 6 

..: Sta 7 

I«: S ta 8 

..: Sta 9 

..: Sta 13 

AVERAGE* 
AVERAGE E':l. ..: 

I~R 
COOE JAN FEB 

1IU22 

WIllS 2.(;7 2.08 

WU58 

1lU5O 1.93 1. 57 

1lU70 4.88 

AB20 3.02 2.11 

AB23 1.65 2.64 

BCOl 6.60 6.60 

BC02 6.86 6R1i 

BC03 6.86 6.86 

BC04 6.60 6.60 

BCOS 6.60 6.60 

BC06 

BC07 6.86 6.86 

BCOS 6.98 

BCM 7.S2 

BC13 

5.35 4.88 
2.lZ 2.10 

TABLE A6 . 3.1-6d 
MONTHlY PRECIPITATION FOR 1978 

MONTHLY TOTAL ( CII) ANN. 
TOTAl 

"'R APR "'Y Jilt :~ JUl AUG SEP OCT NOV 
ACTUAl 

DEC (EST) 

0 1.40 0.53 1.02 

7.37 0 1. 57 O.OS 1.78 0.79 3.23 0 4.83 

0.71 0.43 0.46 

5.79 0 1.68 O.OS 2.77 0.64 1.27 0 3.89 

3.51 3.38 1.03 3.22 1.50 0.97 0.86 7.90 5.89 

8.13 1.70 ~. 99 2.57 2.10 2.36 1.8] 0.58 4.83 

8.36 2.29 3.94 1.30 1.98 0.48 1.40 0.20 4.50 

7.72 2.36 2.51 1.22 0.87 1.45 0.28 2.69 1. 78 

.U ' .75 'lR 'ft1 '.57 n.q, 15' n 1n 1.76 CU~R 

4.70 4.70 2.62 2.77 1.83 1.27 1.20 0 3.66 1.80 

3.56 5.]1 2.44 2.84 2.06 1.12 1.35 0.10 J.55 1. 57 

7.19 1.60 2.79 0.33 0.36 1.24 0.30 ].86 1.8] 

4.83 5.B7 2.49 2.26 0.66 1.20 1.53 0 2.85 4.95 

3.63 4.7( 1.98 3.00 1.71 LOS 1.62 0.33 3.22 1.37 

3.6E 3.71 1.80 3.86 0.38 0.99 1.22 1. 12 3.56 1.57 

3.~ 5.34 2.26 2.95 0.41 1.12 1. 32 0.2' 3.OS 1.88 

4.U 6.11 2.59 3.OS 1. 43 1.47 1.62 0.2! 2.87 

S.17 4.2~ 2.l9 2.09 1.45 0.98 1.52 0.2~ 3.65 2.C)7 It l' q. 
7.41 1.0( 2.80 0.78 1. 76 0.88 1.75 0.20 4.51 0 (25.51 



I AlII I All.]. 1 - 7 

1978 
" 

~ KlNTH 

MAY JUNE JULY AUGUST SEPTEflJER 
.~ 

PAN <;l 

-
MONTHLY TOTAL 20.8 22.5 27.0 24 .2 17.7 

DAILY AVERAGE 0.67 0.75 0.87 0.78 0.59 

LAKE (1) 

t-llNTHLY TOTAL 14.6 15.8 18.9 16.9 12.4 

DAIL Y AVERAGE 1[;" 0.47 0.53 0.61 0.55 0.41 
-

~ 

(1) Assumes a pan coefficient of 0.7 



SEASOIW. 
STA. ITEMS YEAR DEC 

All4 DAILY MI. 1975 
AG23 · · 1975 
Al24 DAILY AYG. 1975 
Al23 · · 1975 
AB24 DAILY MIll. 1975 
Al23 · · 1975 

Al24 DAILY ~X. 1976 802 
Al23 · · 1976 798 
Al24 DAILY AVG. 1976 794 
Al23 · · 1976 791 
Al24 DAILY MIll. 1976 776 
AB23 · · 1976 780 

Al23 DAILY MI. 1977 798 

AB23 DAILY AYG. 1977 790 

Al23 DAilY MIll. 1977 ' 779 

Al23 DAILY MI. 1978 (2) 

AB23 DAILY AYG. 1978 (2) 

AB23 DAILY HIli. 1978 (2) 

TABLE A6.3.1-8 

8AlOf':!RIC FRfSSURE. MILLIBARS (DAILY EITII£JM) 

JAIl FEB MAR 

795 7CJ4(l ) 790 

786 785 782(1 ) 

770 777 769 

802 804 796 
799 799 793 
795 791 788 
791 788 785 
785 778 778 
781 775 775 

797 797 793 

788 790 784 

773 774 771 

784(1 ) 788 787 

773( 1) 775 777 

758( 1) 760 765 

(l) P.rtt.l Data Only 

(2) Ntllt", Dati 

(l) Stitt. I ........ th. 

APR MY JlJI 

795 796 
790 792 793 

79O(l ) 
7CJ1 P J 782 786 778 1 

776 781 
771 773 778 

799 798 799 
790 795 795 
789 793p~ 793 
786(1 ) 790 1 790 
776 787 787 
781 784( 1) 784 

796 795 795 

789 786 791 

775 776 786 

771 771 795 

764 764 789 

757 753 782 

A-. 
"I. 

JUt. AU6 SEP OCT !lOy AYG. 
MIll. 

799 798 803 802 803 SOJ( 1) 
7CJ4 794 799 798 800 800 
795 796 797 794 793(1) 
791 792 794 791 789 
792 792 792 782 772 772(1) 
788 789 789 782 770 770 

799 801 803 800 (3) 804 
796 797 799 797 798 799 
796PJ 797 796 795 (3) 
792 1 793 793 792 792 790 
791 792 790 789 (3) 776 
789 787 787 786 777 775 

797 796 (2) (2) (2) 798( 1) 

794 794 (2) (2) (2) 

789 789 (2) (2) (2) 771 (1) 

793 796 792 7CJ6( 1) 

787 789 785 

773 776 770 753(1 ) 



APPENDIX A6.3.2 

This Appendix consists of two parts: 

A6.3.2A - Wind Fields Summaries 

A6.3.2B - Tracer Test Results 

223 
1 154 



APPENDIX A6.3.2A 

Wind Fields Summaries 

List of Figures Appearing in Appendix A6.3.2A 

FIGURE NO. PAGE 

A6.3.2A-1 Meteorological Tower 10M Elevation, Quarterly Wind Roses 
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A6.3.2A-2 Meteorological Tower 10M Elevation, Quarterly Wind Roses 
1977-1978 226 
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A6.3.2A-8 Station AD 56 Quarterly MRI Wind Roses at 10M, 1978 232 

A6.3.2A-9 C-b Average Hourly Inversion Height by Quarter for 1978, 
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A6.3.2A-10 June 1976 Inversion Heights Plotted with Constant 
Potential Temperature Surfaces through Stations AB20 
and AB23 on 24 June 1976, 0400-0600 MST 234 

A6.3.2A-11 October 1976 Inversion Heights Plotted with Constant 
Potential Temperature Surfaces the Morning of 
14 September 1978 235 

A6.3.2A-12 Piba1 Altitude - Temperature Profiles for Single and 
Doubl~ Theodolite Observations, (Early Morning) 236 

A6.3.2A-13 Piba1 Altitude - Temperature Profiles for Single and 
Double Theodolite Observations, (Afternoon) 237 
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Figure A6.3.2A-1 

Meteorological Tower Quarterly Wind Roses - 10M level (1976-1977) 
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Figure A6.3.2A-2 
Meteorological Tower Quarterly Wind Roses - 10M Level (1977-1978) 
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Figure AO.3.2A-3 

Meteorological Tower Quarterly Wind Roses - 30M Level (1976-1977) 
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Figure A6.3.2A-5 

Station AB20 Quarterly Wind Rose - 10M Level (1976) 
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Figure A6. 3. 2A-6 

Station AB20 Quarterly Wind Rose - 10M level (1978) 
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Figure A6.3.2 -7 

Station A042 Quarterly MRI Wind Roses - 10M Level (1978) 
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figure A6.3.2A-8 

Station A056 Quarterly MRI Wind Roses 
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FIGURE A6.3.2A-9 C-b AVERAGE HOURLY 
INVERSION HEIGHT - BY QUARTER FOR 1978 
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FIGURE A6.3 .2A-12 PIBAL ALTITUDE-TE~ERATURE 
FOR SINCiL£ Ar!D DOUBLE THEODOLITE OBSERVATIONS (E.~RLY r10RHING) 
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APPENDIX A6.3.2B 

TRACER TEST RESULTS 

To understand the distribution of tracer gas concentrations, one has to first 
understand the factors affecting such a distribution - namely, the meteorological 
conditions that existed during and immediately preceding the release of tracer 
gas. 

Synoptic Weather Situation 

After a frontal p~ssage on September 11, a closed upper-level low formed north 
of Tract C-b. By the morning of September 14, a general northeast-southwest 
trough situation had developed from Manitoba to Nevada (See Figure A6.3.2B-1). 
Two distinct low pressure centers were centered in these areas with Colorado 
in between. Pressure gradients became weak over the tract. 

After sunrise on the 14th, an anomalous blocking pattern with a warm high over 
Western Canada formed. By the morning of the 15th (Figure A6.3.2B-2) a fast 
west-east jet stream had set up along the U.S.-Canadian border. At the surface 
a rapidly moving, weak, dry front passed mainly south of the tract during the 
afternoon and early evening of the 14th. Clouds from this system cleared away 
shortly after midnight but the pressure maintained its weak pattern. By the 
afternoon of the 15th, clouds and a strong southwest flow preceding another 
weather front were becoming established over the tract area. 

The weak pressure gradients and the lack of clouds allowed the formation of 
strong drainage, particularly along Piceance Creek, on the morning of September 
14. Although clouds formed during the afternoon of September 14, they cleared 
away shortly after midnight, allowing radiative cooling of the ground to take 
place. The drainage that developed on the morning of September 15. however, 
was much weaker than that of the 14th. 

Meteorological Conditions on C-b Tract, 14 September 1978 

The atmospheric structure over Piceance Creek as well as ovel' the entire tract 
is best illustrated by soundings taken by tethersonde near Piceance Creek. 
Figure A6.3.2B-3 shows three soundings of temperature taken on September 14. 

As a result of strong radiative cooling, a very deep surface-based inversion 
appeared in the pre-ddwn hours. This inversion was quite strong close to the 
surface but gradually weakened until about 500 m AGL, when it became isothermal. 
This situation was observed in soundings through 0700 MDT. Beginning at about 
0800 MDT. the inversion lost more of its strength and the base of the isothermal 
layer lowered to about 350 m AGL. The destruction of the surface-based inversion 
began at about 0900 MDT and the top of the isothermal layer was detected at 
about 450 m AGL. This isothermal layer was topped by a neutral lapse layer. 
Further destruction of the surface·-based inversion and lowering of the base 
of the neutral lapse layer continued until about 1100 MDT, when the inversion 
totally disappeared and was replaced by a neutral lapse condition. Similar 
conclusions could be derived from data collected by the acoustic radar at 
Site AB20. 
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This atmospheric structure would, of course, apply only along the Piceance 
Creek. However, one can infer that a surface-based inversion did exist over 
the entire tract, even on the ridges and above the release site. This inference 
is supported by the delta-temperature data collected at SiteAB23as well as by 
tethersonde profiles taken over the tract at various locations in 1976 (C-b 
Shale Oil Venture, 1976) Figure A6.3.2B-4 shows what the constant potential 
temperature surfaces should look like over the tract. 

The soundings at Site 048 also provided valuable information concerning the 
wind flow above the Piceance Creek. Strong drainage was evident, with the 
maximum speed appearing shortly after 0600 MDT at about 150 m AGl. The 
synoptic flow pattern was not observed below about 600 m AGl in the early 
morning hours. As the morning advanced, the heat gained by the surface from 
solar radiation exceeded that lost by terrestr,a1 radiation and the soil 
temperature rose, warming the air just above. This created pressure differences 
resulting in an upslope flow. lhe evidence of this upslope flow showed up at 
about 0900 MDT. At this time there were still remnants of the nighttime drain
age on top of this newly developed upslope flow. The strongest shear appeared 
at around 200 m AGL. It was not until the end of the experiment, around 1100 
MDT, that the drainage flow system was totally destroyed. Even at 1100 MOT, 
there was still a surface layer of upslope flow to about 150 m, above which 
existed the synoptic flow. This wind flow picture is illustrated in Figure 
A6.3.2B-S. It is interesting to note that at about 300 m AGL, the wind 
speed was virtually zero at 0600-0700 MDT, the first hour of the sampling 
period. 

The wind flow over the rest of the tract (other than over Piceance Creek) 
followed a similar pattern. Strong drainage prevailed between 0400-0600 MOT. 
Figure A6.3.28-6 shows streamlines of the drainage situation while Figure 
A6.3.2B-7 shows what the drainage looks like in a cross-section between 
Sites AB23 and AB20. 

During the first hour of sampling, the overall pattern was still of the 
drainage type although almost calm conditions were detected at various 
locations over tne tract. At the release site, the kytoon was observed to head 
towards the west, then rotated clockwise during the hour to finally end up 
pointing towards the south-southeast direction. 

The second hour of sampling saw the head of the kytoon meandering between 
south-southeast to east. In other words , the wind at the level of release 
was from the south-southeast to east . Over other parts of the tract, the 
wind was light and often variable, with the predominant direction from the 
eastern sector. This is probably due to the fact that the tract is located 
west of the Continental Divide and in the macroscale, there would be a drainage 
that flows generally from east to west over the tract . 

Between 0800-0900 MDT, the wind at the poirtt of release , as indicated by the 
heading of the kytoon, was from the sout~~ast to east. Meteorological data 
from other wind stations indicated that the wind was still light and variable, 
without a definitely organized flow syst m. 
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During the last two hours of the sampling period. the heading of the kytoon 
indica '~ that the wind at the point of release was from the north to east 
quadrant. Data collected also fndicated that the wind was generally from 
the no th in areas sOlth of the Pfceance Creek and from areas north of the 
P1cea~ce Creek. This phenomenon is generalized in Figure A6.3.2B-8 and 
Figure A6.3.2B-9 . 

The synoptic flow (winds from the south) was never '"!" tabl1shed at the surface 
during th s~pling period. It appeared around noon. Figure A6.3.2B-10 shows 
, picture of the synopti pattern in the afternoon. 

Data collected at SiteAB23 showed that turbulence was weak throughout the period 
of sa.p11ng, especially between 0600-0800 MDT. 

In summary, during the first three hours of sampling drainage was evident 
along Piceance Creek and the gulches leading to Piceance Creek. Ov~r the 
ridges and higher ground. the surface flow was disorganized and weak. In the 
last two hours of sampling. an upslope flow was discernible allover the tract. 
Tu,-bu1ence was weak. especially between 0600-0800 MDT . 
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FIgure A6.J.2B-10 Streamlines of synoptic flow over rract Cob. 

Tracer Gas Release Data 

The release rate was kept fairly constant during the exp~riment. at about 
3.21 gm/sec (28.8 1b/hr) in the first day and 3.14 gm/sec (28.0 1b/hr) in the 
second day. The height of release was approximat€ly 100 m (330 ft) AGL. 

Distribution of Ground Level SF6 Concentration 

The actual observed SF6 concentrations at all sites are presented in the data 
report for January 15, 1978. 
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Transect 

SA 17 
(CH-C-l) 

SA 18 
(CH-C-2) 

SA 25 
(CH-C-3) 

Combined 

BA 21 
(CH-T-l) 

SA 20 
(CH-T-2) 

BA 23 
(CH-T-3) 

Combined 

Table A8.2.l-la 

Deer pellet-group densities In the chained rangeland habitat. 
1977-78. 

Hean pellet-groups 
per acre t SE 

235 t 56 

245 t 52 

385 t 62 

288 t 33 

495 t 67 

535 t 72 

274 t 38 

437 t 38 

247 
1178 

No. of 0.01 
acre plots 

20 

20 

20 

60 

20 

20 

19 

59 



Transect 

BA 19 
(PJ-C-l) 

BA 26 
(PJ-C-2) 

BA 27 
(PJ-C-3) 

Combined 

BA 16 
(PJ-T-1 ) 

BA 22 
(PJ-T-2) 

BA 24 
(PJ-T-3) 

Combined 

Table AB.2.l-lb 

Deer pellet-group densities In the pinyon-Juniper hebltet, 
1977-78. 

Hean pellet-groups 
per acre * SE 

360 t 56 

110 t 34 

245 t 53 

238 t 31 

310 t 77 

195 t 38 

90 t 16 

198 t 31 

248 
1179 

No. of 0.01 
acre plots 

20 

20 

20 

60 

20 

19 

20 

59 



Transect 

BA 01 

BA 02 

BA 03 

BA 04 

BA 05 

r ,~\ 06 

RA 07 

BA 08 

BA 09 

Comb i ned 

Table AB.2.1-lc 

Deer pellet-group densities In the chained rangeland habitat 
on Big Jimmy ridge, 1977-78. 

Mean pellet-groups 
per acre t SE 

355 ± 60 

420 ± 73 

430 t 66 

360 t 41 

580 t 88 

205 ± 44 

210 t 69 

415 t 61 

610 t 90 

398 ± 24 

249 
1 180 

No. of 0.01 
acre plots 

20 

20 

20 

20 

20 

20 

20 

20 

20 

180 



Transect 

BA 10 

BA 11 

BA 12 

Combined 

BA 13 

BA 14 

BA 15 

Combined 

Table AB.2.l-ld 

Deer pellet-group densities In the pInyon-JunIper habItat 
nort~ of Piceance Creek, 1977-78. 

Hean pellet-groups 
per acre t SE 

95 t 26 

90 t 22 

130 t 31 

105 t 15 

440 t 47 

285 t 48 

357 t 33 

250 
1181 

No. of 0.01 
acre plots 

20 

20 

20 

60 

20 

20 

20 

60 



Mile 

"1 
ItO 
19 
)1 
)1 
)6 
)5 
)It 
33 
)2 
)1 
)0 
29 
21 
21 
26 
2S 
24 
23 
22 
21 
20 
l' 
11 
11 
16 
15 
lit 
1) 
12 
11 
10 
9 • 1 
6 
5 
It 
) 
2 
I 
0 

TOTAL 

Tabl. AS.2.2-l 

Mule deer rOlid counts conducted from Fall 

SEP 
Location n 

White River 

Little HII Is 

Roc.. Schoo I 

Hunter Creek 
PL Gate 
AQ 020 
SorghUIII, Cottonwood 
St ... rt Gulch Ad. 
AQ Trailer 021 

Sprague Gu ch 

Rio 51anco 

0 

• 

2' 5 n 

14 

0 0 14 

OCT 
2a 

3 

4 

15 
8 

30 

251 
1182 

1911 to Spring 1918. 

211 27 J ,a 

3 
40 15 13 
12 

1 
5 8 
1 9 
5 42 24 

4 21 

18 51 23 
16 18 83 

126 150 1 12 
106 205 96 
115 122 41 60 
30 101 236 138 
25 28 25 21 
6 25 5 

3 15 
6 

3 2 

8 

6 
1 7 
3 3 

2 

480 837 498 418 

NOV Fall 

" 21i Totals 

4 4 

3 
19 81 

12 

10 
1 20 

16 
71 
25 

5 5 
24 10 130 
10 6 133 
51 7 448 
61 476 
45 9 392 
8 5 518 
8 11 124 
6 42 

18 
6 
5 

8 

6 
8 
6 
2 

226 82 



Hile Location J 

41 White RIver 
40 
39 
38 
37 
36 
35 
34 LIttle Hills 
33 
32 
31 13 
30 
29 
28 
27 
26 
25 
24 Rock Sc.hoo 1 
23 
22 9 
21 Hunter Creek 19. 
20 PL Gate 
19 AQ 020 
t8 Sorghum, Cottonwood 
17 Stewart Gulch Rd. 
16 AQ Trailer 021 
15 
14 
13 
12 Sprague Gulch 
n 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 Rio 81anco 

TOTAL 41 

Table AS.2.2-l tCont1nued} 

DEC 
B 1~ 

1 
7 3 

15 5 
10 

6 15 

4 

68 34 
16 
2 23 
4 

5 

5 

138 85 

21 

5 

3 
6 
5 
,. 

24 

252 
1183 

2§ 

2 

8 

3 

5 

18 

2 

)8 

~ 

1 
12 

2 

3 
2 

6 

2 

29 

JAN WInter 
12 1§ 2~ Total s 

5 5 

1 
3 

10 
5 46 

to 

8 
21 
3 

10 
10 

1 2 
8 154 
4 39 

27 
4 

1 
2 

5 

5 
3 
2 

6 

1 

2 

1 0 24 



HI I. Locat Ion 2 

It! White River 
40 
39 
38 
37 
36 
35 
34 Little Hills 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 Rock School 6 
23 
24: 2 
21 Hunter Creek 
20 PL Gate 
19 AQ 020 
18 Sorghum, Cottonwood 
17 Stewart Gulch R~. 
16 AQ Trailer 021 
15 
14 
13 
12 Sprague Gulch 
11 
10 
9 5 
8 21 
7 
6 
5 
4 
3 2 
2 
1 
0 Rio Blanco 

TOTAL 37 

Table AB.2.2-l (Continued) 

FEB 
9 1~ 

3 

2 15 
3 

21 

5 8 

13 
11 
3 

13 9 
8 

31 
3 18 
3 6 
4 

10 
3 4 

21 18 
26 5 
8 36 

14 51 
3 9 
9 13 
!. 4 

16 

25 
23 
14 

135 361 

23 

17 
3 

17 
11 
7 
2 

13 
3 

13 
20 
26 
18 
23 
2 

40 
:;3 
11 
23 
74 
13 

20 
5 
4 
8 

13 
41 
22 
24 
7 

31 
19 
16 

9 
6 

28 
8 

650 

253 
1184 

2 9 

23 
7 

9 
1 

6 4 
2 7 
2 18 

10 
28 18 

7 
12 

2 17 
8 

37 
61 
24 
13 
3 

3 10 

8 1 
11 
4 

7 8 
11 54 
3 21 

9 
3 

23 

3 18 

97 421 

HAR Sprl ng 
1~ 23 30 Totals 

48 71 
13 6 43 
10 11 33 
21 24 66 

28 39 
1 26 

5 
5 18 
2 5 20 

59 41 14 136 
9 38 108 

55 11 15 117 
25 102 

21 24 5 73 
10 20 40 79 
27 113 88 293 
40 39 58 226 
13 19 17 71 
9 81 61 235 

62 12 217 
45 25 75 213 
22 49 47 152 
43 8 57 120 
, 5 18 70 
5 4 12 26 

33 3 2 52 
20 10 45 
21 21 103 
67 20 171 
79 12 163 
23 6 118 
50 14 27 130 
37 15 191 
.. 2 3 30 126 
50 3 94 
22 25 
18 51 
71 54 
39 112 
l6 48 

1034 638 669 



Table A8.5.l .. l Page 1 of 3 

BIRD SPECIES OBSERVED ON TRACT C-b DURING SPRING 1978 CENSUS 

ORDER Observed 
Family 

Species caumon Name Pinyon-juniper Chained pinyon-juniper Fly over 

FALCON I FORMES 
ACCIPITRIDAE 

Buteo jaaaicensis red-tailed hawk X 

COWMBIFORMES 
COWMBIDAE 

Zenaida macroura mourning dove X X 

N APODIFORMES 
OJ U'I APODIDAE 
Ul ~ 

Aeronautes saxatalis white-throated swift X 

T~HILIDAE 

$elasphorus platycercus broad-tailed hummingbird X X 

PICIFORMES 
PICIDAE 

Colaptes auratus co.aon flicker X X 

Sphyrapicus thyroideus Williamson's sapsucker X 

Picoides villosus hairy ~cker X 

PASSERIFORMES 
TYRANNIDAE 

Myiarchus cinerascans ash-throated flycatcher X X 

Ellpidonax h~odii ~nd' 8 flycatcher X 

Eq?idonax oberbolaeri dusky flycatcher X 



Table AB.5.1-l (cont'd) Page 2 of 3 

ORDER a>served 
Faaily 

species eo->n HUIe Pinyon-jWliper Chained pinyon-jWliper Fly over 

PhSSERIFORMES (cont.) 
COR'nDAE 

Gy!norhinus. cyaDOCGphalus pinyon jay X X 

Corvus corax ~n raven X 

PARIDAE 
Parus gutle li .ountain chickadee X 
Parus Inornatus plain ti t:.ouse X ---Psaltriparus ainiaus bushtit X 

- SITTIDP.E 
-N Sitta carolinensis vhi te-breasted nuthatch X (TIU'I 
JJU'I 

TROGLODYTIDAE 
Troglodytes aedon house wren X X 

TURDIDAE 
Myadestea townsendi Townsend's solitaire X 

C4tharus guttata hera! t thrush X 

Sialia currucoides .ountain bluebird X X 

VIREOtfIDAE 
Vireo solitarius solitary vireo X 

PAIWLIDAE 
Veraivora virginiae Virginia's warbler X 

Dendroica coronata yellow-n.ped warbler X 

Oendroica nigrescens black-throated gray wubler X X 



ORDER 

Faaily 
Species 

FIUNGILLlDAE 
Pheucticus melanoceph!lus 
CUpodacus cassinii 
CUpodacus _xicanua 
C&rdeulis pinus 
Pipilo chlo=ura 
Pipilo erythropthalllus 
Passerculus sandwichenais 
Pooecetea graaineus 
Junco canicefs 
S¥izella pas.erina 
SpizeUa brewed 

Table AS.5.l-l (cont'd) Pa98 1 ot 1 

Observed 

Pinyon-juniper Chained pinyon-juniper Fly over 

black-headed grosbeak X 
Cassin' s finch X 
house finch X 
pine siskin X 
green-tail~ towhee X X 
rufous-sided towhee X 
savannah sparrow X 
vesper sparrow X 
qray-headed j \mCO X 
chipping sparrow X X 
Brewer ' s sparrow X X 



TABLE AS.S.1-2a 

AVIFAUN.~ ESTIMATES AT TRACT C-b FOR SPRING SAMPLE PERIOD, 1978 

TRANSECT 1, CHAINED PINYON-JUNIPER RANGELAND (CONTROL). 

Species 

Mourning dove 

Broad-tailed hummingbird 

Aah-throated flycatcher 

House wren 

Moun~a1n blut ,ird 

Black-throated gray varbler 

House finch 

Green-tailed tovhec 

Savannah sparrow 

Chipping sparrov 

trewer's sparrow 

II 
Obs 

1 

1 

1 

2 

8 

1 

1 

8 

5 

1 

21 

Total 

Species density{ha ~ 100% 
2.20 

Coeff 
det 

1.00 

0.28 

0.63 

0.65 

* 
1.00 

0.62 

0.57 

0.63 

u.63 

0.49 

Basal 
adj 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Density 
/ha 

0.02 

0.09 

0.04 

0.08 

.20 

O.OJ 

0.04 

0.36 

0.20 

0.04 

1.10 

2.20 

%R • .!14tive (1) 
abundance 

0.9 

4.1 

1.8 

3.6 

9.1 

1.4 

1.8 

16.4 

9.1 

1.8 

50.0 
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TABLE A8.5.1-2b 

AVIFAUNA ESTIMATES AT TRACT C-b FOR SPRING SAMPLE PERIOD, 1978 

TRANSECT 2, PINYON-JUNIPER WOODLAND (DISTURBED) 

fJ Coeff 
Species Obs det 

Broad-tailed hummingbird 1 0.73 

CommOll flicker 1 0.90 

Ash-throated flycatcher 2 0.50 

Pinyon jay 2 1.00 

Hountain chickadee 5 0.56 

Plain t1tmouse 1 0.31 

Bushtit 3 0.22 

White-breasted nuthatch 1 0.59 

Mountain bluebird 3 0.42 

Solitary vireo 2 0.59 

Virginia's warbler 7 0.75 

Black-throated gray warbler 8 0.60 

Black-head ~d grosbeak 1 0.75 

Gray-headed junco 1 0.43 

Brewer's sparrow 2 0.62 

Total 

(1) Species density/ha X 100% 
2.20 

258 
1 189 

Basal 
adj 

* 
* 

* 
* 

* 
* 
* 
* 
* 

* 
* 

* 
* 
* 

* 

Density 
/ha 

0.04 

0.03 

0.10 

0 . 05 

0.23 

0.08 

0.35 

0.04 

0.18 

0 . 09 

0.24 

0.34 

0.03 

0.06 

0.08 

1. 94 

% Relative (1) 
abundance 

2.1 

1.5 

5.2 

2.6 

11. 8 

4.1 

18.0 

2.1 

9.2 

4.6 

12.4 

17.5 

1.5 

3.l. 

4.1 



TABLE A8.5.1-2c 

AVIFAUNA ESTIMATES AT TRACT C-b FOR SPRING SAMPLE PERIOD, 1978 

TRANSECT 3, CHAINED PINYON-JUNIPER RANGELAND (DISTURBED) 

I Coeff 
Species Obs det 

Broad-tailed hummingbird 1 0.28 

Cormnon flicker 2 1.00 

Ash-throated flycatcher 3 0.63 

Pinyon jay 4 0.25 

House wren 2 0.65 

Mountain bluebird 10 * 
Yellow-rumped warbler 2 0.19 

Green-tailed towhee 24 0.57 

Vesper sparrow 3 0.57 

Chipping sparrow 3 0.63 

Brewer's sparrow 24 0.49 

Total 

(1) Species density/ha X 100% 
2.20 

259 
1190 

Basal 
adj 

'Ie 

'Ie 

'Ie 

* 
* 
* 
'Ie 

* 
* 
* 
* 

Density 
Iha 

0.09 

0.05 

0.12 

0.41 

0. ')8 

0.20 

0.27 

1.08 

0.10 

0.12 

1.25 

3.83 

% Relative (1) 
abundance 

2.3 

1.3 

3.1 

10.7 

2.1 

6.8 

7.0 

28.2 

2.6 

3.1 

32.6 



TABLE A8.5.1-2d 

AVIFAUNA ESTIMATES AT TRACT C-b FOR SPRING SAMPLE PERIOD, 1978 

TRANSECT 4, PINYON-JUNIPER WOODLAND (CONTROL) 

, Coeff 
Species Obs det 

Mourning dove 5 0.74 

Williamson' s sapsucker 1 0.38 

Hammond's flycatcher 1 0.25 

Dusky flycatcher 7 0.44 

Mountain chickadee 5 0.56 

Dushtit 2 0.22 

House wren 5 0.45 

Hermit thrush 4 0.66 

Mountain bluebird 10 0.42 

Solitary vireo 7 0.59 

Black-throated gray tolarbler 16 0.60 

Black-headed grosbeak 2 0.75 

Cassin's finch 1 0.50 

Pine siskin 1 0.43 

Green-tailed towhee 2 0.54 

Rufous-sided towhee 1 0. 54 

Chipping sparrotol 5 0.34 

Brewer's sparrow 2 0.62 

Total 

(1) Species density/ha x 100% 
2.20 

260 
1191 

Basal 
adj 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Density 
/ha 

0.17 

0.07 

0.10 

0.41 

0.23 

0.23 

0.28 

0.16 

0.61 

0.30 

0.68 

0.07 

0.05 

0.06 

0.10 

0.05 

0.38 

0.08 

4.03 

% Relative (1 ) 
abundance 

4.2 

1.7 

2.5 

10.2 

5.7 

5.7 

6.9 

4.0 

15.1 

7.4 

16.9 

1.7 

1.~ 

1.5 

2.5 

1.2 

9.4 

2.0 



Table AB .6. 2- l 

A~undance (unlts/cm2), percent relatIve abundance (lRA) . aDd .pecie. diver.ity of Feriphytou 
from artificial substrates on Piceance Creek, Colorado at Stewart and Hunter Stations, 

Hay 18 , 1978 

Stewart Hunter 
Taxon Rep 4 Rep 5 Rep 6 Hean XRA Rep 4 Rep 5 Rep 6 Hean XRA 

OIVISIO~ !ACILLARIOP~A (01&tOlllS) 

Achnanthes 1anceo1ata var. dubia 6 16 18 13.3 2.0 6 4 6 5.3 1.1 
A. minutissima 10 16 16 14.0 2.1 16 38 28 27.3 5.8 

Acphora 'lp. 4 2 2.0 0.4 

Coccor-eis placentu1a P 6 2 2.7 0.4 6 2 2.7 0.6 

C)'l'Ibella minuta 2 4 2 2.7 0.4 
C. tU:!llda 4 2 2 2.7 0.6 

O.'nti.:ula sp . 2 0.7 0.1 
N Frao l1aria crotonensls 

<00\ 
2 0.7 0.1 

1\)--' F. vauchcriae P P 

CO~phoficma gracile 2 0.7 0.1 

C. oltv.Jceum 2 6 6 4.7 0.7 20 4 8.0 1.7 

C. p.Jrvulull 12 16 9'.3 1.4 42 28 23.3 3.0 

C. subcla\'atum var. commuta tUIII 2 4 4 3.3 0.7 

C. spp. 10 6 5.3 0.8 12 2 4.7 1.0 

Czros i 1I1r.a sp. 2 6 2.7 0.4 16 5.3 1.1 

H3ntzRchl3 a~phlozys 6 4 8 6.0 0.9 4 2 2.0 0.4 

}!elosl ra varians P P 

H~riJlol1 circulare P 4 1.3 0.2 

Navicula accomoda 4 2 2.0 0.3 

N. ca~ltata 2 2 1.3 0.2 4 1.3 o 1 

N. cr):,ptoccpha1a P 2 0.7 0.1 P P P P 

N. c!:):,2tocephala var. veneta 85 89 87 87.0 13.0 12 10 12 11.3 2.4 

.!!. cusl!ld.~ta 2 0.7 0.1 

N. nr. menlsculus var. upsaliena ia 2 4 2.0 0.4 

N. min 1m3 4 2 2.0 0 . 3 a 2.7 0.6 

!!. ~ p p 



Table AB.6.2-l (Conti nued) 

Stcvart Hunt~r 

TIL"':on Rep 4 • Rcp 5 Rcp 6 Heon %1lA lep 4 Rep 5 Rcp 6 Hcan XIlA 

~avic~la Dutica yare undul~ta 2 0.7 0.1 

!!. ~c c~c ta var. apiculota 71 85 83 79.7 11.9 57 63 40 53.3 11.4 

li· tr12ur.ct~ta vue. sc~l:!:on~moides 40 55 32 42.3 6.3 55 81 69 68.3 14.6 

!!. vlrldula var. avcnaCCil 6 32 20 19.3 2.9 P P P P 

N. S?p. 47 51 55 51.0 7.6 34 16 20 23.3 5.0 

Nc!dlU:1 sp. 2 0.7 0.1 

~ i tz sch la acicularis 12 16 8 12.0 1.8 12 20 24 18.7 4.0 

N. acic:Jla ta P P 2 0.7 0.1 

N. dissipata P p 4 1.3 0.3 

!! .. hcn(!:tric3 2 4 4 3.3 0.5 

N. ~ 26 63 42 43.7 6.5 16 36 34 28.7 6.1 

N ~. si c.-oidea 2 4 2.0 0.3 P P 

com X. tryblionella var. 1~vldtm5is 2 2 1.3 0.2 (.)N 

~. 5?p . 142 206 199 182.3 27.2 97 145 122 121.3 26.0 

Pinnularia bor~al1s 2 0.7 0.1 

P. s p. 4 1.3 0.2 

Rhcpaledla sibba yare ventricosa p p 

.!. r.usculus 2 0.7 0.1 

Steohanodlscus hantzsc!Iil p p 

Surirel13 ansustata P 2 0.7 0.1 

~. oval1s 10 3.3 0.5 2 0.7 0.1 

~. ~ 26 38 32 32.0 4.8 P 8 4 4.0 0.8 

Svnedra llelicatIss1J:111 6 4:.0 0.3 

S. fasciculata P p 

~. ulna P p 

S. sp . 2 4 2.0 0.3 2 0.7 0.1 

UnIdcntlfi~d c~ntrlc. 2 0.7 0.1 



Table t.8.6.2-l ( Continued) 

Stewart Hunter 
Taxon Rep 4 Rep S Rep 6 HW\ IRA iep 4 llep S Rep 6 Kean IU 

Unidentified pennate. 43 43 16 34.0 S.l 38 36 26 33.3 7.1 

Total Bacilladophyta 579 749 682 670.0 ~9 .9 439 520 417 458.7 90.2 

DIVISIO~ CHLOROPHYTA (CreeD algae) 

Crucigenia quedr3ta 2 2 1.3 O. ! 

Stigeocloniu. .p. 4 8 P 4.0 0.8 

Unidentified coccoid. 8 2.7 0.6 

Total Chlorophyta 14 8 2 8.0 1.7 

DIVISION CYANOPIIYTA (Blue-green algae) 

Oscillator!a sp. 2 0.7 0.1 

Total Cyanophyta 2 0.7 0.1 

~N DIVISIO~ CRYPTOPHYTA 
<00\ 
~w Cryp:ooonas ~ 2 0.7 0.1 

Total Cryptophyta 2 0.7 0.1 

Total Ind ividuals 581 749 682 670.7 453 530 419 467:3 

Total Taxa 32 24 36 46 28 25 26 39 

Diversity (d) 3.64 3.4& 3.~l 3.67 3.69 3.50 3.42 3.70 

Maximum diversity (it _x) 4.75 4.52 4.95 5.28 4.46 4.n 4.58 5.09 

Equitabillty (X) 76.60 76.97 73.18 69.39 82.85 77.39 74.67 72.63 

P - preeent 

L 



Table AB.6.2-2 

Abundance (units/cm2), percent relative abundance (IRA), and apecies diveraity (iI) 
~f periphyton froe a~tificia1 .substrates on Piceance Creek, Colorado at 

Stewart and Hunter Statioa, June 20, 1978 
Stewart Hunter 

Taxon Rep 4 Rep 5 Rep 6 ~l.sn IRA Rep 4 Rep 5 Rep 6 Mean IRA 

DIVISION BACILLARlOPHYTA (D1atou> 

Achnanthes lanceolata 2,270 7.56 0.1 

~. lanc~olatQ var. dubia 6,190 39,200 41,200 ~8,C~0 3.8 79,400 43,100 61,200 61,250 7.6 

~. 1II1nl!tiss lma 39,20n 53,600 70,100 .54,310 7.2 68,000 70,300 49,900 62,760 7.8 

~hora sp. 2,060 687 0.1 10,540 6,1110 2,269 0.3 

~ccon~ls pediculus P P 2,060 687 0.1 2,270 2,270 1,513 0.2 

C. placentu1a 6,810 p 4,540 3,781 0.5 

Cyclotella meneghiniana 2,060 P 10,300 4,120 0.5 

Cyebella ninuta P P P 

£. sp. p p 

.... N Fragflaria 
<D 0\ 

crotonenllis p p 

Ol~ !. sp. 2,060 687 0.1 6,810 2,269 0.3 

CoS! honellla intricatulII var. ~ P P 2,270 756 0.1 

f· 0liv3ceu. 14,400 18,600 8,2.50 13,750 1.8 25,000 4,540 6,810 12,100 1.5 

f· parvu I UIII 6,190 6.190 2,060 4,812 0.6 P 2 , 270 756 0.1 

f· spp. 2,060 4,120 2,060 0.3 9,!l70 3,025 0.4 

Hannaea arcus p p 

Hantzschia amphioxya P P P 

Navicula cryptocepha1a var. ~ 18,600 26,100 26,800 24,060 3.2 6,810 2,269 0.3 

~. ainias 12,400 14,400 18,600 15,120 2.0 ",540 6,810 13,600 8,320 1.0 

!. secreta var. al!icu1ata 57,700 74,200 66,000 66,000 8.1 22,700 22,700 34,000 26,470 3.3 

N. tr11!unctata var. schlzoneaoidea 2,270 756 0.1 

!. viridula var. avenacea 16,500 16,500 33,000 22,000 2. 9 95,300 86,200 79,400 86,960 10.7 

N. spp. 37,100 6190 14,440 1.9 6810 2269 0.3 

L 



Table AB.6.2-2 (Continued) 

Stewart tlJnter 
Taxon Rep 4 Rep S Rev 6 ).Jean \RA Rep " Rep 5 Rep 6 Mean \RA 

~it:schi3 3cicularis S3,600 S3 , 600 82,SOO 63,2S0 2S.2 '16,000 284,000 26l,OOO 2S4,100 31.4 

N. 3riculat3 p p 

N. dissil'3t3 4,121> 2,060 2,060 O. l 13,600 2,210 15,900 10,S90 1.3 

I'i. hun~a rica 2,060 2,060 4,120 2,750 0.4 2,270 756 0.1 

~ . 1 inl':.. ris 6,190 2,062 0.3 

~. r a1ca 72,200 78,400 51,600 67,l70 8.9 61,200 122,000 93,000 92,200 11.4 

N. sigCloide3 P P 

N. spp. l1S,500 l38,200 286,700 llJ,500 41.6 83,900 188,000 141,000 lJ7,600 17.0 

SlIrircll:J ansust:1t3 P P P 2,270 756 0.1 

S. ovalis P P 2,060 687 0.1 P 4,540 1,512 0.2 - ---
S. ovata 8,250 4,120 8,250 6,875 0.9 13,600 4,540 4,540 7,562 0.9 - --
SyneJra ulna 6,190 P 2,062 O.l 

"'N 
<OOl S. sp. 4,120 1,406 0.2 2,270 756 0.1 
(1)<.TI 

1,375 Uniden tified centrics 2,060 2,060 0.2 2,270 '. 56 0.1 

Unidentif ied pennates 22,700 43,300 24,700 lO,250 4.0 9,070 lJ,600 ll,AOO 18,150 2.2 

Total Bacillariophyta 660,600 823,000 753,000 745,200 98.~ 726,000 869,000 819,000 804,600 99.4 

DIVIS ION QILOROP~NTA (Green algae) 

Oedogonium sp. 2,060 687 0.1 

Sccncl!csl:IlIS s!l. 2,270 756 0.1 

Sti£coclonium sp. 2,060 687 0.1 2,270 4,540 2,269 0.3 

Ulothrix sp. 2,060 P 68"? 0.1 

lmidentified filament 16,500 2,060 P 6,187 0.8 

Total Chlorophyta 16,500 6,190 2,060 8,249 1.1 4,~40 4,540 3,025 0.4 

L 



Table AB.6.2-2 (Continued) 

Stewart Hunter 
Taxon Rep 4 Rep 5 Rep 6 Mean UA Rep 4 Rep 5 Rep 6 .tean \RA 

DIVISIO~ CY~~OPHYTA (Blue-green algae) 
Chroococcus sp . P p 

Osc illatoria sp. 4,540 1,512 0.2 
Total Cyanophyta p p 4. 540 1,512 0.2 

Total Individuals 676,000 829,000 755,000 753,400 730,000 878,000 819,000 809,100 
Total Taxa 25 :51 28 39 21 23 19 32 
Diversity (J) 2.87 3.13 3.17 3.15 3.27 2.86 3.09 3.14 
H.,xiaum diversity (d aax) 4.32 4.52 4.39 ... 95 4.39 4.h 4.25 4.95 
Equitability (\> 66.44 69.29 72.17 63.55 74.40 67.45 72.65 63.35 

L 



Table AB.6.2-3 

2 
Abundance (unita/ea ), Percent lelative Abundance (%lA), and Speciea Diveraity 

of Periphyton fro. Artificial Substratea on Piceance Creek Colorado 
at Stevart and Bunter Statioaa, July 19, 1978' , 

Stewart Hunter 
Taxon Rep 1 Rep 2 Rep ) Helin %RA Rep 1 )lep 2 llep ) Hean %lA 

OIVISION BACILLAIlIOPHYTA (Olato_) 

Achnllnthes laneeolata 18,974 22,769 92,972 44,905.0 9.0 )4,15) 18,974 14,230 22,452.) 5.9 
~. l.:lnccol.:ltOl VOlt. ~ 177,406 200,175 2)5,276 204,285 .7 41.1 8),485 124,279 9),921 100,561. 7 26.4 
~. oinutissima 20),021 12),))0 192,585 172,978.7 )4.8 1)5,66) 142,)04 159,)80 145,782.) )8.) 
Anehor:t eereusiUa 2,846 1,897 5,692 ),478.) 0.7 949 949 6)2.7 0.2 
A. sp. P P P P P p 

Coeeonei, 2edieulus p 949 17 ,077 6,008.7 1.2 p 949 P 316.) 0.1 
f. eilleentuia V.:lr. eu!lrpta ),795 1,897 1,897 2,529.7 0.5 15,179 13,282 12,))) 13,598.0 ).6 
Cy~lotel1Ol oeneshini.na 949 316.) 0.1 p 2,846 948.7 0.2 
nr. Cylindtotheea IIrae1l1 ~ p p P 

.... N Cyabelia aff1nis p p <om 
()) ....... f. lIIinuta 949 P 316.) 0.1 

f. sp. 2,846 948 . 1 0.2 
: rll\t ! latia vaueheriae 949 )16.) 0.1 
C.olIIl!honelllll ItracUe p p 

f· o II VOlC('UIII 949 2,846 P 1,265.0 0.3 
Q. l!arvuIulII 19,92) 11,)84 7,590 12,965.7 2.6 4,743 ),795 949 3,162.3 0.8 
Navicula crrptoce2hala var. veneta 949 9,487 ),478.7 0.7 4,74) 1,897 2,846 3,162.) 0.8 
N. nr. luzonensls 6,641 4,74) 10,4)6 7,27.,.3 1.5 18,025 13,282 3,795 11,700.7 ).1 
N. notha 2,846 948.7 0.2 
~. secreta var. al!leulata ),795 ),795 1,590 5,060.0 1.0 12,333 16,128 14,230 14,2)0.3 ).7 
!i. tril!unctata var. schizonemoides P 949 316.3 0.1 P P 
N. viridula vat. avenacell 2,846 p 948.7 0.2 8,5)8 6,641 7,590 7,589.7 2.0 

L 



Table AB.6.2-3 (Continued) 

Stewart llunter 
Taxon Rep 1 i.ep 2 Rep 3 He an IRA i.ep 1 i.ep 2 Rep 3 Hean IRA 

!. spp. 2,846 949 1,265.0 0.2 7,590 4,743 4,111.0 1.1 

~ltzschla acicularls p 949 316.3 0.1 

~. l!-ohlbla 949 2,846 949 1,581.3 0.3 949 949 632.7 0.2 

1!. a21culata p p p p l' 1,897 632.3 0.2 

N. 11 near is 949 P 316.3 0.1 p P P 

.!!. sp\>. 1,897 3,795 6,641 4,111.0 0.8 8,538 5,69Z 9,487 7,905.7 2.1 

RI,,, lcos2hen 1a curvat. 1,897 949 948.7 0.2 1,897 1,897 1,264.7 0.3 

Sutlr~lla ov~119 949 i P 316.3 0.1 949 949 949 949.0 0.2 

1·~ p 949 p 316.3 0.1 p P 

1. sp. p P 

.... N S~'T\ec!ra ulna p p p P 
<OC"I 

Unid~ntlfled pennates 1,897 1,897 1,897 1,897.0 0.4 5,692 949 3,795 3,478.7 0.9 <OOO 

Total Bacl11arlophyt. 449,683 388,017 595,780 477 ,826. 7 96.0 343,4211 360,504 330,146 ~~4,692.7 90.5 

DIVISION CHLOROPHYTA (Creen a1&ae) 

Cladophora sp. 2,846 948.7 0.2 P P 

St1seoclonlua sp. 5,692 8,538 13,282 9,170.7 2.0 11,3114 311,1196 49,332 33,204.0 8.7 

tnic!e!'\tlfled coccoid 949 316.3 0.1 

tnld"ntifled fila_nt 18,025 5,692 2,846 8,854.3 1.11 2,846 949 3,795 2,530.0 0.7 

Total Chlorophyt~ 23,717 14,230 18,974 111,973.7 3.11 14,230 40,794 53,127 36,050.3 9.5 

L 



Table AB.6.2-3 (Continued) 

Stevart Hunter 
Tolxon Rep 1 Jlep 2 Rep 3 Hean IRA J.ep 1 bp2 J.ep 3 Hean lIlA 

DIVISIOK CYANOPHYTA (Blue-green algae) 

ChroocC'ccull sp. P p 

~~ · rl ·. "fll .. ··IIR (t'/lullJ'!I ... " p p 

Osctllatorh sp. 949 316.3 0.1 
r h . .. celJtu. :II'. 949 P 316.3 0.1 P P 

Total Cyanophyta 949 949 632.7 0.1 p P 

Total Individuals 473,399 403,196 615,703 497,432.7 357,658 401,298 383,273 380,743.0 
Total Taxa 23 25 31 36 25 26 25 34 

I\) N 

00\ Dlversity (d) 2.16 2.18 2.44 2.37 2.88 2.69 2.59 2.78 
OlD 

Holxi Mu~ diversity (d..ax) 4.17 4.39 4.39 4.91 4.17 4.39 4.58 4.17 
Equitability (X) 51.70 49.63 55.60 48.35 69.06 61.31 62.05 60.68 

P - present but not in count 

L 



Table AB.6.2-4 

2 Abundance (units/ca ), Percent Relative Abundance (IRA), and Species Diversity 
of Periphyton fro. Artificisl Substratea on Piceance Creek, Colorado, 

at Stewart and Hunter Stations , Au,ust i8, 1978 

Stewart Hunter 

Taxon Rep 1 Rep 2 Rep 3 Kean IRA Rep 1 Rep 2 lep 3 Kean IRA 

DIVISIO~ BACILLARIOPHYTA (Dlato.s) 

Achnanthes lanceo1ata 1,107 2,372 1,739 1,739.3 3.3 9,487 7,590 9,487 8,854.7 3.1 

~. lanc<!c lata var. dubta 16,760 13,756 20,081 16,865.7 32.0 36,999 100,562 61,665 66,408.7 23.2 

~. olnutlsslllla 3,953 5,099 11,226 6,759.3 12.8 116,690 41,742 116,690 91,707.3 32.1 

MI[!hcra ecr[!usllla 632 593 158 461.0 0.9 16,128 4,743 8,538 9,803.0 3.4 

~. sp. 474 949 949 790.7 1.5 949 P P 316.3 0.1 

C"cconels eedtculus 1,739 4,743 10,594 5,692.0 10.8 61,665 14,230 30,358 35,417.7 12.4 

f. pl ~ccntula var. euslypta 4,111 4,506 6,166 4,927.7 9.4 12,333 28,461 11,384 17,392.7 6.1 

Cvc10tella _ncghin!ana 790 356 316 487.3 0.9 949 2,846 2,846 2,213.1 0.8 

I\)N Cv 3l.'pl('ur:l lllll[! tl c:'l P P 

0""" C\~bel l. afflnis 118 39.3 0.1 949 316.3 0.1 
~O 

f·~ 237 79.0 0.2 

fr.~Uaria vaucheriae 1,897 632.3 0.2 

CoL 2honema olivaCllU. 474 316 263.3 0.5 949 4,744 1,897.7 0.6 

Q. earvu1um 474 712 1,265 817 .0 1.6 2,846 3,795 2,846 3,162.3 1.1 

Q. spp. 316 105.3 0.2 949 316.3 0.1 

Gl r" s 1 S!:!:! sp. 158 52.7 0.1 P P 

Hantzschla aaphloxvs P p 

tier ld l"n circulare 
p p 

Ifavlcula caeitata p r 

!. crvDtl'ceeh31a p p 949 316.3 0.1 

N. crletoceehala var. ~ 474 2,846 3,637 2319.0 4.4 1,897 949 948.7 0.3 

!i. nr. luzonensls 474 356 1,107 645.7 1.2 

.!!. ~ 158 1.067 474 566.3 1.1 2,846 1,897 r 1,581.0 0.6 

.!!. secreta var . al!icu1ata 1,107 4,981 4,269 3,452.3 6.6 3,795 9,487 8,538 7,273.3 2.5 

L 



Table AB.6.2-4 (Continued) 

Stewart Hunter 
Taxon Rep 1 Rpp2 Rep 3 Kean IRA Rep 1 Rep 2 Rep 3 Hean ItA 

! . trll!unctata var. achlzoneao1dea 632 356 474 487.3 0.9 p 2,846 948.7 0.3 
1!. virld"l" vOIr. aVl'nncca 356 ' !S8 171.3 0.3 6,641 10,436 15,179 10,752.0 ).8 
1!. silp· 6)2 1,186 606.0 1.2 4,743 2,846 2,529.7 0.9 
Nit~ .. chla aclcul3rla p 949 316. 0.1 
~. allnh1bla p 158 52.7 0.1 949 949 949 949.0 0.3 
;!. ac1cul:na 118 316 144.7 0.3 1,897 2,846 2,846 2,529.7 0.9 
N. d15s1123tll 949 316.3 0.1 
!!. 11n".3r15 p 1,897 632.3 0.2 
S. vemlcullt!"h p p 

!!. app. 1,265 1,542 1,581 1,462.7 2.8 5,692 7,590 10,436 7,906.0 2.8 
I\) N iUto1cospher1a curvata 158 158 105.3 0.2 
0" 
1\)--' Su~lrella ~ p 474 !S8 210.7 0 . 4 p 949 p 316.3 0.1 

.!.~ 118 39.3 0.1 p 1,897 3,795 1,0597.3 0.7 

.!. a;>p. p p 

SVMdra ~ 949 949 p 632.7 0.2 
~~ldentlfled centrlca 158 118 474 250.0 0.5 
U~ldentlfled pennatea 1,107 1,542 790 1,146.3 2.2 5,692 10,436 5,376.0 1.9 

Total aacl11arlophyta 36,210 48,977 67,042 50,743.0 96.4 291,249 250,455 309,275 283,659.7 99.2 

DIVISION CHLOROPHYTA (Creaa alaea) 

Ch.3 uc lUll sp. 474 158.0 0.3 
Chdcphora sp. 158 316 !S8.0 0.3 949 1,897 948~7 0.3 
!:.lo" . cr)". ap. 118 39.3 0.1 
St1seoclonlua ap. 632 U8 250.0 0.4 
~nldentlfled fl1 ... ac 790 712 1,265 922.3 1.5 949 2,846 1,265.0 0.4 

Total Chlorophyta 1,580 948 2,055 1,527.7 2.6 949 949 4,74) 2,213 , 7 0.8 

L 



Table AB.6.2-4 (Continued) 

Stewart Hunter 
Taxon Rep 1 Rep 2 lep 3 Hean IRA Rep 1 Rep 2 Rep 3 Hean IRA 

DI\'1SION CYA.'iOPHYTA (Blue-Ireen a1laa) 

~I.!ri5moDedi. punctata ll! 39.3 0.1 

Phorl1lidlu. sp. p p p 

Total Cyanophyta 118 39.3 0.1 p P P 

DIVISION CHRYSOPHYT ~ llov-broWD alia.) 

Dlnobrv~n borgei 316 356 316 329.3 0.6 

Total Chrysophyta 3 6 356 316 329.3 0.6 

t\JN 
0 ....... 
WN 

Total Individuals 38,106 50,399 69,413 52,639.3 292,198 251,404 314,018 285.873.3 

Total Taxa 26 32 29 39 30 25 28 37 

Diversity (d) 3.15 3.72 3.39 3.59 2.83 3.04 3.15 3.32 

Maxilllu. diveraity (d_x ) 4.52 4.91 4.06 5.17 4.46 4.46 4.52 5.04 

Equitabi1lty (I) 69.54 75.77 69.13 69.51 63.46 68.21 69.58 65.!! 

P • present but not in count 

L 



Taxon 

tIVISION BACILLARIOPHYTA 

Achnanthes lane eo lata 

A. lanceolata var. dubia 

A. minut issima 

Amphora ~ 

A. sp. 

Cocconeis pediculus 

C. placentula var. eugll:pta 
I\) N Crmbe lla minuta 0 " .:>. w 

Co:'\phoneC".a subc 1 ava tum 

C. trunca tum 

C. spp. 

Navicula cE1ptoce phala var. 

N. secreta var . aplculata 

N. vlt"ltllll:l V:\L :lvenncea 

N. spp. 

Nltzsch la spp. 

Unidenti fied pennates 

Total Bac1Uarlophyta 

DIVISION CII LOROPHYTA 

Oedogonicm ap. 

Stigeoclonium sp. 

Unident ified coccoid 

Total Chlorophyta 

L 

Table AB.6.2-5 

Abundance (units/cm2), Percent Relative Abundance (%RA) and Species Diveraity 
of Periphyton froa Artificial Substratea on Piceance Creek, Colorado, 

at Stewart and Hunter Stations, September 20, 1978 

Stewart Hunter 
Rep 1 Rep 2 Rep 3 Mean %RA Rep 1 Rep 2 Rep 3 Hean 

10,587 7,562 4,537 7,562.0 1.8 SAMPLER DESTROYED 

3,025 P 1,512 1,512.3 0.4 

32 3,656 302,482 453,724 359,954.0 83.7 

1,512 504.0 0.1 

P P 1,512 503.3 0.1 

48,397 13,6 l2 19,661 27,2 23.3 6.3 

6,050 6,050 3,025 5,041. 7 1.2 

3,025 P p 1,008.3 0.2 

P p 

4,537 1,512.3 0.4 

1,512 3,C25 1,512 2,016.3 0.5 

~ 12,099 P 3,025 5,041.3 1.2 

1,512 1, 512 3,025 2,016.3 0.5 

P p 

3,025 1,008.3 0.2 

7,562 15,124 4,537 9,074.3 2.1 

4,5 J7 4,537 1,512 3,5 28.7 0.8 

424,988 355,417 502,121 427,508.7 99.4 

p 

p P 1,512 504.0 0.1 

6,050 2,016.7 0.5 

P 6,050 1,512 2,520.7 0.6 

%RA 



L 

Taxon 

DIVISION CYANOPHYTA 

Herisoopedia punctata 

Phormldiur.l sp. 

Total Cyanophyta 

DIVISION CIIRYSOPlfYTA 

Dlnobryon sp. 
Total Chr}sophyta 

Total Individuals 

Total T3xa 

Diversity (d) 

t:aximum Diversity (d max) 

Equltabill ty (X) 

P • Present 

Re 

P 

P 

424,988 

15 

1.40 

3.58 

39.19 

Table A8.6.2-5 (Continued) 

Stewart Hunter 
Rep 2 Rep 3 Mean IRA Rep 1 Rep 2 Rep 3 Mean IRA 

P P SAMPLER DESTROYED 

P P 

P P P 

P P 
P P 

361,467 503,633 430,029.3 

19 16 22 

1.10 0.76 1.14 

3.32 3.70 4.09 

33.20 20.55 27.77 



Table AB.6.2-6 

Abundance (units/c.2), Percent aelative Abundance (ZIA) and Speciea Diveraity 
of Periphyton fro. Artificial Substrates on Piceance Creek, Colorado, 

at Stewart and Hunter Stations, October 18, 1978 

Stewart Hunter 
Taxon lep 1 lep 2 lep3 Hean ZIA lep 1 lep 2 lep 3 Hean XU 

DIVISION BACILLAlIOPHYTA (Dhtoaa) 

Achnanthes lanceolata 2,269 P 756.3 0.2 1,138 379 . 3 0 . 6 
A. lanceolata var. dubia 3,403 4,537 2,646.7 0.7 9,107 3,415 3,890 5,470.7 8. 5 
A. Clinutissima 284,712 309,666 %"3,876 279 , 418.0 74.8 1,708 1,328 569 1,201.7 1. 9. 

Amphora ova 11s P 1,134 2,269 1,134. 3 0 . 3 190 95 95.0 0.1 

~. perpusl11a 379 126.3 0.2 

Calonels a1:lphlsbaena p p P 95 31.7 <0.1 

Cocconels pec ldulus 28,358 23,820 29,492 27,223.3 7.3 4, 933 3,605 2,656 3, 731.3 5.8 

I\) N f placen t ul a 5,672 18,149 3,403 9,074.7 2.4 P P 

~~ C. placentula var. eugll2ta P P n ,076 20,871 14,230 17,329.3 26.9 

Cyclotella mcneghiniana 2,269 3,403 1,890.7 0.5 1,897 1,138 1, 138 1,391.0 2. 2 

Cylindrotheca gracil is P P 

Cymatopleura ellipt ica P P 

C'"IIIbe lla lIIi nuta 2,269 1,134 5,612 3,025.0 0.8 

C. tumida P P 3,403 1, 134. 3 0.3 

Dlatoma tenue var. elongatua 4,537 P P 1,512. 3 0.4 

Q. vulgare P P P 

EplthcClla turgida P P 

Fragllarla crotonensis P P 

Cocnphoncma acumlnatuID 1,134 378.0 0 .1 

C. olivacf'ulll 1,134 3,403 1,512.3 0.4 949 569 379 623.3 1.0 

£. parvulum 1,134 1,134 756 . 0 0.2 190 95 95.0 0.1 

£. subc13va tura P P 

C trunca t u!!l 1,134 5,672 22,686 9,830 . 7 2.6 



Table AB.6.2-6 (Continued) 

Stewart Bunter 
Taxon Rep 1 Ilep 2 Ilep 3 Mean fIlA Rep 1 Ilep 2 Rep 3 Mean fu 

Q S?p. 7.940 2.269 2,269 4,159.3 1.1 379 569 316.0 0.5 

C:, roe1s·a ap. p p 95 31.7 <0.1 

~'eIoslra variana 95 31.7 <0.1 

Navicula capltata P p 

!!. cr~etoceehala var. ~ 7,940 1.134 17.015 8.696.3 2.3 2,467 759 3,131 2,119.0 3.3 

N. euou1a var. rectansu1ar1a 95 31.7 <0.1 

!. secreta var. ae1culata 2,269 10.209 21,413 10,965.3 2.9 8,918 4,174 6,356 6.482.7 10.0 

!!. trleunctata var. schizoneaoides 1.134 2,269 1,134 1.512.3 0.4 

!!. vlrldula var. avenacea P P P P 24,097 18,974 11,479 18.183.3 28.2 

H. spp. 1.134 378.0 0.1 1,328 379 1.423 1,043.3 1.6 

Hinschia adcularia p p 1,134 378.0 0.1 190 190 126.7 0.2 
~ p 90 P 379 189.7 0.3 
~~ !. aeiculata p p 

~O\ N. dissiEata p p 

N. hUn<;arica p p 190 63.3 0.1 

N. sigmoidea 379 379 285 347.7 0.5 

N. vitrea p p 

N. spp. 3,403 3.403 4,537 3,781.0 1.0 2,467 3,415 1,423 2,435.0 3.8 

Plnnularla sp . p 1.134 378.0 0.1 

Rholcoseheria curvata p p 379 190 190 253.0 0.4 

Rhonalodla gibba var. ventricoaa p p 

StlOuroneis nnCl'ES p p 

Surire11a ovalis p p 

~.~ 379 190 95 221.3 0.3 

~. sp. p p p 

Synedra ulna P p P P P P 

~. sp. 3,403 1.134 1.512.3 0.4 p p 

Unidentified pennate. 759 759 2,087 1.201. 7 1.9 

Total 8aci11ariophyta 359,576 389,068 367,516 372,053.3 99.6 77 , 982 61,852 51,039 63.624.3 98.6 

L 



Table AB.6.2-6 (Ccntinued) 

Stewart Hunter Taxon Rep 1 Rep 2 Rep 3 Hean IRA I.ep 1 lep 2 Rep 3 Hean 

DIVISION CHL~ROPHYTA (Creen algae) 

Closteriu. sp. p r p p 
Oedol:oniUIII sp. p p 379 r . 126 .3 0.2 
ScendesOIls ~ p p 

Sti~coclonium sp. 2,269 1,134 1,134 1,512.3 0 .4 190 63.3 0.1 
Ulothrix sp. P P P 
Unidentif ied flagellate p p 

Unidentified filament P p 379 126.3 0.2 
Total Chlorophyta 2,269 1,134 1,134 1,512.3 0.4 758 p 190 316.0 0.5 

DIVISION CYANOPHYTA (Blue-green algae) 

NN 
Chroococcus sp. 285 95.6 0 .1 

0......., Unidentified filament p .p CD"""" 
Total Cyanophyta p p 285 95.0 0.1 

DIVISION CHRYSOPHYTA 

Cnidentified coccoid 1,518 506.0 0.8 
Total Chrysoph]ta 1,518 50 .0 0.8 

Total Individuals 361,845 390 ,202 368,651 373,566.0 78,742 63,373 51,514 64,543.0 
Total Tax3 24 34 31 44 27 26 30 40 
Diversity (d) 1.43 1.37 2.03 1.7057 3.08 2.87 3.25 3.15 
Maximum diversity (d max) 4.09 4.00 4.25 4.58 4.46 4.25 4.70 5. 00 
Equltabl1ity (%) 35.06 34.32 47.89 37.20 68.99 67.62 69.10 69.92 

P - present but not encountered while counting 

L 



Table AS.6.2-7 
5_ry 5Ih·eI~. Lbt of P"rll,lIyton Collcct<·<! .• t ~a~"'''rt and 

Kunt~r Stations. Plccolle!! Cr~ck. Color.,Jo. 1978 

Taxon 

Division Baeilloriophyta 

Achannthcs lQnc.~lato 
A. lanccol •• t" var. ~ 
A ... lnut inlr:1:> 

Anlj.no.!.!!.~ 
A. perpudll:> 
A. veneta 
A. ;P:-

Calonels amphlsbaena 
Coceonell p~dlculus 

.£. plocentulo 
f. pleeentuia var. euglypte 

Cyclotella meneshlniona 
nr. Cylindrothcoa &r~cllh 
C~ntopleuro olllptloa 
Cymbella affinh 

f. !!!Inuta 
f· .!!:!!!!.!.!!!. 
C. Ip. 

De"iiticula sp. 
Dlatoma cenua v.r. elongatuM 
~. vulgar'! 

[plthemia turgida 
Fra&l~ Eroton.sl. 

F. vauch.rlae 
I.. Ip. 

Coaphonema aCUDinatum 
.!1.. eracile 
C. intric.tum v.~. ~ 
C. ol1vaceum 
C. parvulut1) 
C. lubclavatum c . • ubclav.tu~ varoo eommut.t~ 
Coo truncatum 
C. app. 

Cy-;osillma Ip. 
Kan tzschia ~rnpnioxys 
Helosirol varian1 
Meridion ~r. 
Navicula accomoda 

.!!. cap ~t"ta 
!!. cryptocephala 
!. c:ryptocephlila val'. ~. 

.l!. cuspidatll 

.!!. nr. luzonensis 
!. nroo menisculua val'. 

upul1onol s 
.!!. ..Inima 
H.~ 
E. ~ var. undulata 
!!. notha 
l!. pupula var. rectanr,ul"rls 
!. ~ var. ~ciculnt~ 

.!:!. , tr lpunctatA 'Oi1r .. 
sc:hh:oncl'ftotd C' 

H. vtr iduln yare ~~ 
E. Ipp. 

IIcldlum sp. 
~tA .clcular1s 

!i. ~rhthla 
,li. n(>lcu~ 

,li. E..L~~ Ir·1(n 
~. ~unt;nr lea 
II. Iln~,1r 1 s 
E. rnJc~ -
li. !ltb'lWllrlc:a 
.!(. l.TY'!>J.!'!!'!'~':.L'! Vllr, l~v 1<I"n" I» 
H. v"rtlll LldHrl ~ 

E· ~t_~'2 
.!!. orr· 

Kay 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

,+ 
D 
+ 

+ 

+ 

D 

D 
+ 
D 
+ 
+ 

+ 
+ 
+ 

D 
+ 
+ 

D 

St"".rt 

June 

+ 
D 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

D 

+ 
+ 

o 

+ 
+ 
+ 
+ 
D 

D 

July A,,& 

D 
D 
D 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

,~ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
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+ 
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+ 
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+ 
+ 
+ 

+ 
+ 

Sept 

+ 
+ 
D 

+ 
+ 

D 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

Oct 

+ 
+ 
D 
+ 

+ 
D 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

. + 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
D 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
D 

+ 
+ 

D 

D 
+ 
D 

+ 

+ 
• 
D 
+ 

D 

Kunter 

June 

+ 
D 
o 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 
D 
+ 

D 

+ 
+ 

D 
+ 

D 

July 

D 
D 
D 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

AUI 

+ 
D 
D 

+ 

+ 

o 

D 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 
, + 

+ 
+ 

+ 

+ 

+ 

Sept 

• 
• 
:II: .. .. 
• 
• 
" • 
• .. 
• 
o .. .. 
" 

Oct 

+ 
o 
+ 
+ 
+ 

+ 
D 
+ 
D 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
o 

D 
+ 

+ 

+ 

+ 

+ . 
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Table AB.6.2-7 (Continued) 

Stwart 

Taxon Hay Jun. July Au, S.pt Oct Hay 

D1vi.10n !a<:i11ariorhyt. (cont'lI) 
P1nnul~riq bor~"ll. • I· • p. • • Rho1co'rhcn Lu E~~ + + • Ithopo 10JI:I r.!l!!!..:. var. ventr!cOI4 + + ,&. "y.cutus + 
SSill\ron~1s "ne"p" 

+ St,phnnogf.~ bqnc:schi + $ur1rellg onguscata • + 1. ov~l1, + + + + + 1· .m.tI. • • • • • 1· .p. 
~ d,li;.tis'1ml • .1. lIae~~w 111 'II • .!.JI1u • + • • 1· ap. • • • • Unidantithd eentr1c. • + • Unid.ntifi.d penn.t .. D • • • • D 

Divi.10n Chlorophyta 

Chane1 .... p. • ~.aap. • • ili,uriu'!! .p. 
+ Cru;1g.n1! guodrat. 

+ n.dolonl ..... p. • • • Scm ad ....... aeutu. 
1· • p. • 

~t!112;12n~um .p. • • • • • + lUll' tix .p. • • Unld • . ' C if ted eoeeold • • Unldar.t1t1,d t11 .... nc + • .. • Ullidaatified Ua •• lla" .. 
Divi.ion Cyanophyc. 

Cbrc>o;occu. ap. • • K.rl.mgptd1A punet.ta • • /:!u l ll2ped1g c.nu!u! .... + 0,s111.corl •• p. • • Phonotdlu," .p. • • Unldentifled U.u..nt' • 
Dlvi.ioo Cryptophyta 

Crxpcomonas ..2U.a 
+ 

D1v1.10n Chry.ophyt. 

D1nobryon borgel • + O •• p. 
Ualdentif 1,d cosso1d 

+ • Prucnt 

D· Pre • .,nt os d"",ln"nc (sr".c •• th.n S% of tho me.n tot"l .bund.nce', 
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"u"c.r 

Jun. July Au. Sept O<:t 

• + 

+ 
• + + • • • • • • • • 

• • ,. 
• • • • + • .. 

... 
:. 
:Ii .. 

• • ... .. • ,. 

'" • 
• ... ... • • ... • ,. 

• 0 .. • ... .. 
... 
'" 

• 
• • • 

• 



Table AB.6.2-B 

Summary of Species Diversity (d) of the Mean for 
'Periphyton Collected at Stewart and Hunter 

Stations, Piceance Creek, Colorado, 1978. 

Date 

Hay 

June 

July 

August 

September 

October 

Stewart 

3.67 

3.15 

2.37 

3.59 

1.14 

1. 70 

2BO 
1211 

Hunter 

3.70 

3.14 

2.78 

3.32 

Sampler Destroyed 

3.15 



Table AB.6.2-9 

Summary of Me n Biomass (mg/cm2) Expressed as Ash-free 
Dry \~eight J..or Periphyton Collected at Stewart and 

Hunter Stations, Piceance Creek, Colorado, 1978. 

Date 

May 

June 

July 

August 

September 

October 

Stewart 

0.52 

0.42 

0.24 

0.05 

0.35 

0.13 

2Bl 
1212 

Hunter 

0.66 

1.66 

0.37 

0.28 

Sampler Destroyed 

0.22 



Station 
r-l TAXA 

CIiUlKIWIIII I, ll. 

ActJIM.trum "I'. ---_. 
Cl,'tlt1 rhor.J "p. -----
CIMcto,lhor. ~p . 

CJosrcrJ um ~I" -- --
Clo!Jtcrlum UeulC'lnt.i 

Clostrriu," JWlul.J ---- .-----. 
Clo~tvrlua cr~CJjJ. 

Coa ..... rJum sf'. 

I:ntcrollorpru ::.1' . 

IIflcrospor • • p . 

POwllstrUItt .p. 
Protococcus .p. 
Protococcu." 'IlrJ dJ.. 

Protoderm1 \,.J ;::.cJe 

$c;.ncd.smus sp . 

Sp;'rO<J~r. sp. 

St.19OClon~um ~p. 

UJochri" sp. 
Ulothr ... lonet. 

V.ucherJ. • • p. 

ZIl9""'" sp. 

Dr.~rn.ld.J • • p. 

Unidentified :n:"eIllIlUtUer. 

Unldelltl fled Green Co«otd 

SACILIJ.HIOPIIYCEAE 

"chn~nthe. sp. 

Achnl4nt/'trs l.ncool.tol 
- Achn.nth". 1.neeole UI 

var . DuUJ.. 
" .. pilar. sp. 
A.,phor. ovelJs 

AIopllJ pilar. om ... 

A.co,C.loneJl. sp. 
,.10n • .1. sp. 

-'e10nel. t1:~ph:'.b.cn. 

celonai.s J'J,l.!cul. 

Ceretono.1 • • p. 

Coccone.1. sp. 

Cocconel. pl.centuJ. 

C~IIIIMIJ. sr· 
C~mbcll. It'JnJ. 

Cylftbcll ., vantclCO •• 

CllmbolJa tunud. 

C~clotolJQ .p . -
CllclotolJ. "lCn~hlnJ.4ln. 

C~ ... copleuro '1' . 

CYIMtopJtJUC;J sole. ----
Doplano .. )0. 

----- - -
~::::...",.,- :(\. 

Dl;J COrM VII1.Q,JEO --------Diwcc)Mv .. :null v ~lr . ,.10WPLUI't 

£u""l J. 'I'. -----
£unotJ .. 1~'tJn.dj:; -----
rr.Jga1oJr,;J ~II . ------- ---
rr.1Q' I .HJoJ (.rO")II' ·"-,= --- .... _- -
r'l't' J 'Tlu C"',,," t.:-u"n-. 

TABLE A8.6.2 .. 10 

~tlC s[r OCT :InV 

r--- ._-
._-

-. 
X 

X 

~ 

X 

I 

X X X 

X X 

X , 
X X 

X 

X 

D---- --

=r= ~ 

--I-I ~ 

1~7S 

O[C JfIIl , I1~R 'lAY , .IUL 

-
- f-._. --I-

-1 

I 
I 
I 

X 

I 

X 

X 

X 

X 

X 

X 

,- -- -
- -_. 

__ L ___ ~ 

--- -- --
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1976 

srr IIOV JMI liAR ".\Y JUI. 

-
- !-

i---- - -- - ---

--I 
I I . , 

X 

I 
I -X 

L 
I I 

I 

I 

I I .-r-
X X I ~ 

I I 1 I 
I 
I 

X X X 1 , 
I I 

i 
I 

I I 

X X , I I ~ X 

i,_ 
~ X 

I X 
I 
I 

1 

I 
1 , 

---c-- J 
----' ----

....... 
~-t- -
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St ation 

V J - TAXA 

'rut4 tu' '.A "ft. -- - .--
,;V"'rltuth'tlf "" . ----
Cit W, "" • .'n, ·", . "p. 

/"""rhnnrN oJ.lv.u .. ..,·.,IIIt 
C,..,.huMf·"'" C'nnJl'tr Icru:tl 

Cvro·JV"" s(l. 

Cl/rOll .. """ .CU,.,.1n.1CUift 

1I.Jllruc,", Q rcus . 
If"lo.u" ,po 

114trJ.dlon sp. 

If_rldlo" CJ rC'.Jl.l Tc 

". vJcul. sr · 
11 • .,1 C1Jl e ~rv p toCc pII.J 1 ~ 

".V.lcuJtI rhvnochoccpl\olle 

1I • .,1~u..l. vJrJdu.!4 

IIftd1u. sp . 

1I1tu~h1 e ,p . 

lI.ttuchu gr.clJ.l.6 

IIHu~I\l e .1V-Jd• e 

IIHu~h1e .c.lcu.l .. r.t. 

1I1tu~h1 e ;M l • • 

II I t u chie ".l.ec .. 

P1nnulerJ. 'p . 

P1nn~le r .. vJudia 

Ithoicoapho"i e 'p . 

1tho1coaphe"J~ C1Jrv.te 

ltho;Ml oil 1 e 'p . 
St. urollei. ,p . 

St.phenoducu. Mncucl\ .. 

Suri relle sp. 

SurJr clle ov. t . 

SI/nedu sp . 

Sl/rtOdre ul". 

SI/"cdre ul". \ ' Ar . III pre ••• 

SI/nedr .. ru"."s 

rebell.ua sp . 

CY .\NO(ltIYT II 

A,-nel1 u .. sp . 

AIIAW."e s p . 

""",,bye sl' . 

'~"9~lIe .pJrU1JflOJdue 

NodulAr.e 'I' , 

O.cl Jl4lto" e '1' . 
o.cJ 11~torJ~ JJf'MHtJC..a 

Oacl1J . lO"~ Ji.,.. 

rhor.,d,_ sr. 
CUGLt:lIJNIYCr.AE 

CU"J'. IW olC'US 

TllAClUI)I11\ rA 

N.l}" 'It . 

"~"UC&.lJ..,!: 't' . 

1'0 r.,,..,.,,,.· to" 'I'. 

... ,,,,.111.1" .," 
H.u.,,.., 'P , -----____ ' 

Inl ,1I ',I NIH i' 'd 'I It '0,"1\ . 11 

L 

TABLE AB.6.2-10 (CONTINUED) 

1 ?/J 

AUG S(P OCT nOv 0(, 

\ , x 
\ 

~- -
~ \ \ 

-
~ 

, , 

, I X l 

X l 

, 
I 

X 

I 
X I X 

, I X 

1 
I I x I 

, 

I I 

I 

-f--o- -
-_. 

--~---
___ -1-·- ~. --

I-·-I--r-
i "1 1.: t7 

283 
1214 

1?7~ 

JIIN 11JIR IV-Y 

.. 
--

i 

I 

, 

I-
I_~.J 
--,--1-

, I 
I 

1?7G 

Jlll SlP NOV Jlltl H~R I MAY JUl 

X I 

X l I I 

I 

, 
I I I X x I , 

X X X X X 

I I X X X 

X 

I 

I A 

X 
, I 

I 
X I 

I 

I X I 

I I 

I 

I 

- I-

-
1-!-.-

-- ----1-- =+ I; I I, \ , I I ~ I 1 , 'J 



Station 

r ·11 TA XA 

CIII.ONOI~ 11\.1_\1 

I\CtJ II~'" truM "p . 

Cl~dorl .. >r. "p . 
C"h. ,C' tOl'hor. sll. 
Cl('l<ICcerJu. sl' --
CJo8LcrJUlft JJcbJpJn! J ---
C109lcr1UI't lunuJ.a 

C1Q.t~rJu. 9r~CJJJ. 

Cos"",ru"" sp . 

£ntcroaorph.' sr. 
Iflcra.pora sp . 

r.dl ... u". sp . 

rrotOC'OC'C'U6 sl'. 

'rot~ VJrJ dJ 8 

'rotodt1r&A VICld. 

Sc.".d,.."",. sl' . 

SpJr09Yre sp. 

St.&9ocJonlua sp . 

Ulothru sp . 

Ulothrix zon.t. 

VeuchllrJ e sp 

%1/9n . .... sp . 

D:e~r".Jdh Sp. 
lmld.,llHi.J :y~n .. ~t.c ••• n 

Unid.nttfiod Cuon Coccold 

IACILLAMJOPHYCEAE 

Aellnench •• sp 

Ael>Mntho. l""eeoJoee 
-AcIu~ntJw. 1.nc.oJ.t. 

v.r . Dub". 
.... phoro sp . 

A~ro ov.Ju 

AIophl phou or"e ce 

uc.rJon. J J .. sp . 

Cel.",. .. sp . 

C. 10n.1. .Mphl.ba.n. 

Celon ... .JJJ.C'ul . 

C.raton.J.. sp 

Coccon.". 'I' . 

Coecone J. . pl.C'ontuJoi 

CVIllbctJlQ sl' . 
Ci/Olboll .. .. ffJ" .. 

CVlObell• v.ntrJcn".. 

CVMboll • tu.ud. 

CI/clotoll . 'p . 
CvcJocclJ . lftCncIJ fUfthm. 

CI/ ... coplcuro sl' . 
CII"" copJcur~ 60J •• 

"",pIon,, .. 'p 

f)J.l cOt'W 'I' . 

('tJool Cll~1 v'Jl'7.Jro 

nl~t"".. t ('nIJ.~~,J r. ,. 1"~'C.W'I 
-----

£unO'-J ll 'I' . 
1'",""ll.1 pt"(..CJn4JJ!I 

rr4'o l oolr l4 (1' . -- --- - -----
fr .'1."J,l r J.J CTo tnnrl , I':' - - -- -_. 0- -,.r,,,,. 1 1T' 1 C~ J' I( [ rt" ~I .. 

L 

TABLE AB.6. 2-11 

I?H 

AU<: I ~rr OCT 

--
-- f-X 

I 

I 

I i 
I 1 

I 

X X 

, I 

I 

I 1 1 

I 

I X 
I 

I I i 
1 x I 

I 
I I 

'---t =I-t---
i 
! 1---1-

-I---j--

!lOV O(e 

I 

t 

I 

I 

1 

X 

X 

-- ---
-
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--f-
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I 

-

H 
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I 

1 ?1~ 1916 

/lIlY JUl S(P NO'I JAN flAq .~" I Jln. 
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--
I 

I 

1 

I 

1 I , 

1 1 

I I 

I 

1 \'I I I 

L 
, ..... 
I 

X , , I 

I 
~ I x I I X 

I I 
I 

I I 
1 1 1 I 

I I 
I I 

I 

1 X I I I l , 
I 

1 , 
I 
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I 
I I 

l -1-~-
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f--

--I- --f--

-- f--
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TABLE AB.6 .2-11 (CONTINUED ) 
Stat ion 

197~ • 1?7~ 1?7(. 

""f, l.5cr I (I(T \1)'/ O(C JMI mr. lillY ,Jill .H '~OV .1 f1 '1 11M ' !AY Jlll 

' r uoftuJ • .J "I' '( l \ ~ ~_ 
--------~---------------+---I----~~---_+---_+---_r---1_---;_---~----r_~---~---~--+_~ 

CO,-f'\IlU.n. " ... . ,, 

~ I , 

--~--~-+--+-~u --~ 

x x 
I , I x 

x l x 
x I t I x I x x 

__ ~~ __ l._._'~P_. ____________ ~ __ ~ __ ~ __ ~x~+-__ +-__ +-__ +-___ ~I ____ l~ __ ~I __ -t __ ~I __ ~ __ ~( __ ~ 
~' __ '~_I_'C_~_J_'_'~P~' ~ ________ ~ __ ~-AX __ ~X~TI -AX~~ __ +-__ ~ __ -+ ____ ~I __ ~I----rl --~----t-I _-I~---~;I --~ 

~J.uclla ~"cJJa X I I I 
~~----~--~--------~--~--~--~--~~--+---~---+~--~--~'----~---r---+--~----'---. : u c ..... ,,~-~J.:~. I I II I I I I 

; I I x I I I 1 

•• :uc.·.a ;.Je. I 1 1 I x I x I 

,;·_,.~u" .p . - ,I. x x 1 111 : 
--,-~-~-.-~-.-r .-.--,~.r-.-~-J-'------+---~I ----+-~-+~--~--+----~I--~I·-~+I--~-~~ I x 
,-~. :c. ;,,:e/u . sp I I 1"[') I 
1h;·'~ , Pl·"· · c"r,U' ['.1 i I I I I 
~h..~.~ .. 'i' l ~ I I t I 

-~f~w~.-r-~~.-•• ~,~,----------~---+----~~+---~---+----~--+I ----~I--~I----~,--~r---+I--~I~--TI ----

t I t ' 
x I 

x x 1 

: , ·"~1 . r.;.<.r.J 

x x. 

't'" . .,~ .. _ if! 

i I x 1 x t Il 

1 I I I Ii 
I X :w; 1 I . ~ I 'I 

I I I 
x 

l x 

I I I 
! I :w; 

I 

I 

x 

1 

, 

1_'_~.'7 .":-., -----------+---l----+----.t- 1 
t "I4··~ _~.w~,~~--------+----i~-~I----~--~----t----+---~---r----t----+----~----+---+l ----+--~ 
-' -". -.,-.:I-· r;~·----------·--+---+---~--~---+·---4r--~~ --~---4----r---+---~--~---1---~--~ 
- .. ,;-..--·--------I~--+---+-I -+-~.--+--+---'I--+-I -1---- -l--ll·--+-----l 
• • . -:-" -:-:-:-;-----------~ --'- 1 ----+---:-I-----i--::--+---+---t----t----;-· --r-- • 

_'~,~ ,:~:·=·==~~~~~---+I---~--~I --~--+-~--~--~I---+--~--+-~---+--4-~ 
• • _ I" 'r . -,-~l=jr----i---I--~--i--+---"1~-1---t--1--'---;--f-
----- -_·.1-T - ____ 1_--+_.4-- ---+--- II--+-----1f---_+_~ . , , - •• -.I • r 

- . -- :- '--r--- -- - ---!-I~-

----- ----i---- .-r- --II- I ! -j -r--t---
1111' I ~ , "1',111 1\ , 1\ I I:; 
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I, , " I ' \ \ I • I 
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TABLE AB.6.2-12 

pmuPl~ PRODUCTIVITY I ESfHtATES FOR PlCEANO:: RASIN SfATIOOS, MAY 197 5 - JULY 1976 

t-bnths 
Station May July Sept Nov Jan March May July 

P-1 .1136* .7964 .0071 

P-2 .0852 .0520 .0074 

P- 3 .1429 .4936 .0092 .0614 .3029 .8425 .0232 

P- 5 .2906 .1832* .0255 

P- 5A 1. 9059 .9596 .4528 

P-6 .0192 .0258 .0116 . 0067 .0070 .1698 .0142 .0339 

P- 7 .0088 .04 73 .2459 .0235** 1.0738 .0310 

S- l .1310 .0276 .0089 .1380 .0567 1. 375 2.4874 

S-2 . 0063 .0708 .0164 .7598 .024 7 
~ USL .0283 .0249*** .1676 
I\)N 
~CD 

LSL2 -..j 0\ H =.2866 If = .2189 H = .1584 H=.4b01 
V =.0930 V =.1196 V '"' .2301** V=.2575 

W-l .0964 .0418 .2659 
3. 2297*** 1. 9171 2.0331 

W-2 4. 1507 1.5682 

W- 3 .0215 .0758 .1648 .1025 .1411 .2365 

UI'lL .0360 .2780 . 7124 1.8139 .3658** .0640 

LWL .0641 . 0713 .0594 .1129 .1819 .0165 

I'IR- l .4693 .1383** 

WR-2 .1893 .0613** 4.4029 

1. Grams ash-free weight/m2/day (average of three replicates exposed for approximately 30 days). 
2. II = Horizontal slide, V - Vertical slide. 

* Gle slide only 
** Two slides only 
*** Exposed for two months 

L 



Table AB.7.1-1 . Herb quadrat smmaries for Plot 1-0. Based on data 
from 25 pennanently located quadrats. June 1978. 
Values in percents. "?" indicates uncertain identifi
cation. ± Values are equal to the standard error of 
the mean. 

Species Mean Relative Range of Frequency 
Cover Cover Cover Values 

Agoseris glauca 0.1 0.01 0-1 16 
Agropyron desertorum 3.6 0.25 0-20 40 
Agropyron smithii 1.7 0.12 0-15 52 
Antennaria rosea 0.7 0.05 0-6 20 
Arabis ho1boe11ii 0.1 0.01 0-1 8 
Artemisia ludoviciana 0.4 0.03 0-6 12 
Aster fend1eri <0.1 <0.01 0-<1 4 
Boute1oua gracilis 0.6 0.04 0-15 8 
Bronrus tectorum 0.8 0.06 0-3 88 
Carex pennsylvanica 0.3 0.02 0-4 20 
Chaenactis doug1asii 0.1 0.01 <1-1 24 
Chenopodium album <0.1 <0.01 0-<1 12 
Cryptantha sp. 0.1 0.01 <1-1 16 
Descurainia pinnata <0.1 <0.01 0-<1 8 
Euphorbia robusta <0.1 <0.01 0- ..:l 3 
Festuca brachyphy11a (?) 0.2 0.02 0-6 8 
Gayophytum ramocissimum <0.1 <0.01 0 .. <1 32 
pomopsis aggregata <0.1 <0.01 0-<1 4 

Lappula redowskii 0.1 0.01 0-1 12 
Lepidium densif10rum <0.1 <0.01 0-<1 4 
Lomatium orientale <0.1 <0.01 0-<1 8 
Lupinus argenteus <0.1 <0.01 0-<1 4 
Mentze1ia ispersa 0.1 0.01 0-1 12 
Oryzopsis hymenoides 3.2 0.22 0-15 76 
Phlox longifo1ia <0.1 <0.01 0~<1 8 
Poa fendleriana 0.1 0.01 0-3 4 
Po1ygonum sawatchense <0.1 <0.01 0-<1 28 
Sitanion longifo1ium 0.4 0.03 0-2 32 
Stipa comata 1.6 0.11 0-9 28 
Townsendia sericea <0.1 <0.01 0-<1 4 
Unknown grass 0.1 0.01 0-3 4 

Artemisia tridentata <0 .1 <0.01 0-<1 20 
Gutierrezia sarothrae 0.2 1.10 0-2 20 
Pinus edulis 0- <1 4 

Total Herb 12.3 1-30 100 
Total Woody 0. 2 0-2 40 
MJsses 0.3 0-5 12 
Crustose Lichen 1.0 0-10 40 
Litter 76.0 8-100 100 
Bare Soil 21.4 0-89 96 
Rock 2.5 0-25 56 
Mean No. of Herb Species ~er m2 = 6.32 ± 0.55 
Mean No. of Species per m = 6.56 ± 0.55 
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Table A8.7.1-2. Herb quadrat summaries for Plot I-F. Based on data 
from 25 permanently located quadrats. June 1978. 
Values iil percents. "?" indicates uncertain identifi
cation. ±Values are equal to the standard error of the 
mean. 

Species Mean 
Cover 

Agoseris glauca 0.1 
Agropyron dasystachyum 0.3 
Agropyron desertorum 4.2 
Agropyron smithii 0.8 
Antennaria parvifolia <0.1 
Antennaria rosea 0.1 
Arabis ho1boe11ii <0.1 
Artemisia 1udoviciana 0.1 
Aster fend1eri 0.2 
Astragalus ceramicus 0.1 
BrolTU.ls tectonnn 0.6 
Carex ~enr~ylvanica 0.3 
Chaenactis doug1asii <0.1 
Chenopodium album <0.1 
Collin:;ia parviflo":a 0.0 
Cryptantha sp. <0.1 
Delphinium nelsoni 0.0 
Descurainia pinnata <0.1 
Draba rep tans <0.1 
Erigeron nematophyllus 0.1 
Festuca brachyphylla (?) 0.4 
Gayophytum ramocissimum <0.1 
Haplopappus nutta1lii 0.2 
Koe1eria gracilis 2.0 
Lappula redowskii 0.3 
Lepidium densif10rum <0.1 
Mentze1ia dispersa 0.2 
~ticrosteris micrantha <0.1 
Oryzopsis hymenoides 7.4 
Phlox hoodii 1.1 
Physaria f10ribunda 0.1 
Poa fendleriana (?) 1.0 
Po1ygonum sawatchense <0.1 
Senecio 1TU.l1ti1obatus 0.1 
Sitanion longifo1ium 0.5 
Stipa comata 0.1 
Tar~xacum officinale <0.1 
Tragopogon dubius 0.1 
Zigadenus venenosus <0.1 

Relative 
Cover 

0.38 
1.54 

20.35 
3.65 

<0.01 
0.58 

<0.01 
0.19 
0.96 
0.19 
2.69 
1.34 

<0.01 
<0.01 

0.19 
<0.01 
0.19 

<0.01 
<0.01 
0.19 
2.11 

<0.01 
1.15 
9. 79 
1.34 

<0.01 
1.15 

<0.01 
35.51 
5.18 
0.19 
4.80 

<0.01 
0.38 
2.50 
0.58 

<0.01 
0.19 

<0 .01 
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Range of Frequency 
Cover Values 

0-1 12 
0-5 8 
0-30 44 
0-11 16 
0-<1 8 
0-2 12 
0-<1 8 
0-1 4 
0-4 16 
0-1 32 
0-5 68 
0-4 12 
0-<1 4 
0-<1 12 
0-1 4 
0-<1 4 
0-1 4 
0-<1 8 
0-<1 4 
0-1 4 
0-6 20 
0- <1 8 
0-4 12 
0-14 28 
0-5 20 
o <1 4 
0-6 8 
0-< 4 
0-45 84 
0-8 36 
0-1 8 
0-12 24 
0-<1 8 
0-2 8 
0-5 40 
0-3 8 
0-<1 4 
0-1 4 
0-<1 4 



Table AB.7.1-2 . (Continued) 

Species Mean Relative 
Cover Cover 

Artemisia tridentata <0.1 <0.01 
Chrysothamnus nauseosus <0.1 <0 . 01 
Gutierrezia sarothrae 0.6 2.69 

Total Herb 18.9 
Total Woody 0.6 
M:>sses 0.1 
Crust ose Lichen 0.2 
Litter 77.8 
Bare Soil 20.8 
Rock 1.4 

Mean No. of Herb Species per m2 = 6.48 ± 0.69 
Mean Total No. of Species per m2 = 6.64 ± 0.68 
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Range of Frequency 
Cover Values 

0-<1 12 
0-<1 4 
0-5 16 

1-55 100 
0-5 44 
0-1 4 
0-5 16 

20-99 100 
0-80 96 
0-30 12 



Table AB.7.1-3. Herb quadrat summari~3 for Plot 2-0. Based on data 
from 25 permanently located quadrats. June 1978. 
Values in percents. "?" indicates uncertain identifi
cation. Values are equal to the standard error of the 
mean. 

Species Mean 
Cover 

Agoseris glauca 0.1 
Agropyron desertorum 3.8 
Agropyron smithii 0.8 
Antennaria rosea <0.1 
Artemisia 1 doviciana 0.1 
Aster fendleri 0.1 
Aster glaucodes (?) 0.2 
Astragalus ceramicus <0.1 
Bouteloua gracilis 0.4 
Bromus tectorum 4.7 
Carex pennsylvanica (?) 1.2 
Chenopodium album <0.1 
Crepis acuminata 0.1 
Descurainia pinnata < (l.l 
F'~stuca brachyphylla (?) \..,4 
Gayophytum ramocissimum 0.1 
Heterotheca villosa 1.2 
Koeleria gracilis 0.5 
Lappula redowskii 0.2 
Lepidium mont anum <0.1 
~licrosteris micrantha < 0.1 
Oenothera trichocalyx < 0.1 
Oryzopsis hymenoides 0.2 
Phlox longifolia 0.5 
Poa sp. 0.1 
?olygonum sa\Yatchense < 0.1 
Sal sola iberica < 0.1 
Sisymorium altissimum 0.2 
Sisymbrium officinale 0.1 
Sitanion longifolium 1.1 
Sphaeralcea coccinea 0.1 
Taraxacum officinale 0.1 
Tragopogon dubius < 0.1 
UnknmvTI composite 0.2 
Unknm-m mustard 0.1 

Artemisia tridentata 0.2 
Chrysothamnus nauseosus < 0.1 

Relative 
Cover 

0.24 
22.82 
5.10 

<0.01 
0.24 
0.73 
1. 21 

<0.01 
2.43 

28.64 
7.28 

<0.01 
0.24 

<0.01 
2.67 
0.73 
7. 28 
3.16 
1. 21 

<0.01 
< 0.01 
< 0.01 

0.97 
2.91 
0.49 

< 0.01 
< 0.01 

0.97 
0.24 
6.55 
0.49 
0.49 

< 0.01 
1. 21 
0.49 

1. 21 
< 0.01 
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Range of 
Cover Values 

0-1 
0-16 
0-12 
0-<1 
0-1 
0-2 
0-5 
0-<1 
0-9 
0-15 
0-30 
0-<1 
0-1 
0-<1 
0-6 
0-1 
0-30 
0-8 
0-3 
0-< 1 
0-2 
0-< 1 
0-2 
0-10 
0-1 
0-<1 
0-< 1 
0-4 
0-1 
0-8 
0-2 
0-2 
0-< 1 
0-5 
0-2 

0-2 
0-1 

Frequency 

4 
36 
16 

4 
4 

24 
4 
4 

12 
96 

4 
16 

8 
8 

16 
48 
4 
8 

40 
4 

16 
4 

16 
12 

8 
16 

8 
4 
4 

44 
4 
4 
4 
4 
8 

28 
24 



Table AB. 7.1-3. (Continued) 

Species Mean Relative 
Cover Cover 

Total Herbs 15.8 
Total Woody 0.4 
~t:>sses 0.1 
Crustose Lichen 0.1 
Litter 82.4 
Bare Soil 15.9 
Rock 1.6 

Mean No. of Herb Species per m2 • 5.04 ± 0.45 
Mean Total No. of Species per m2 ~ 5.56 ± 0.49 
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Range of Frequency 
Cover Values 

1-35 100 
0-2 36 
0-3 4 
0-2 20 

45-100 100 
0-45 84 
0-25 24 



Table A8.7.1-4. Herb quadrat summaries for Plot 2-F. Based on data 
from 25 pennanently located quadrats. June 1978. 
Values in percents. "?" indicates uncertain identi
fication. (± values are equal to the standard error of 
the mean). 

Mean Relative Range of Frequency 
Species Cover Cover Cover Values 

Agoseris glauca 0.1 0.54 0-1 8 
Agropyron dasystachyum 5.7 38.69 0-35 44 
Agropyron desertorum 0.8 5.45 0-20 4 
Agropyron smithii 0.6 4.36 0-6 24 
Antennaria rosea 0.2 1.09 0-4 4 
Aster fend1eri 0.1 0.54 0-2 16 
Astragalus ceramicus <0.1 <0.01 0-<1 4 
Astragalus diversifo1ius 0.1 0.27 0-1 4 
Bouteloua gracilis 0.2 1.63 0-3 16 
Bronrus tectorum 2.7 18.53 0-20 76 
Ca1ochortus nuttal1ii <0.1 <0.01 0-<1 4 
Chenopodium album <0.1 <0.01 0-<1 20 
Erls:i.nn.rJ1l asperum <0.01 <0.01 0-<1 4 
Festuca brachyphylla (1) 0.1 2.18 0-3 16 
Gayophytum I amocissi1llUJ1l 0.1 1).82 0-1 32 
Kceleria gracilis 0.6 3.81 0-9 12 
Lappu1a redowskii 0.1 0.27 0-1 12 
Lomatium grayi 0.1 0.27 0-1 4 
Mentzelia dispersa <0.1 <0.01 0-<1 4 
Microsteris micrantha <0.1 <0.01 0-<1 4 
Phlox longifo1ia 0.1 0.27 0-1 8 
Poa fendleriana 0.4 3.00 0-6 8 
Poa pratensis 0.1 0.82 0-3 4 
Po1ygonlw sawatchense <0.1 <0.01 0-<1 20 
Oryzopsis hymenoides 0.9 5.99 0-5 24 
Sitanion longifolium 1.0 7.08 0-7 36 
Sphaera1cea coccinea 0.1 0.54 0-1 8 
Stipa comata 0.2 1.63 0-6 4 
Unlmown mustard <0.1 <0.01 0-4 4 
Artemisia trident at a 0.2 1.63 0-3 44 
Chrysothamnus nauseosus 0.1 0.27 0-1 12 
Pinus edulis 0.1 0.27 0-1 4 
Purshia tridentata <0.1 <0.01 0-<1 4 

Total Herb 12.6 1-40 100 
Total Woody 0.3 0-3 S6 
Mosses 0.4 0-5 8 
Crustose Lichen 0.6 0-8 20 
Litter 81.8 25-100 100 
Bare Soil 16.6 0-75 76 
Rock 1.7 0-14 32 
Mean No. of Herb Species per m2 ~ 4.36±0.44 
Mean Total No. of Species per m2 ~ 4.96±0.46 
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Table AB.7.1-5 . Frequency, mean cover, and relative cover values for shrub species in plot l{), 
1974-1978. Based on data from 20 lOrn x 4m line strip transects. 

Frequency (\) Mean Cover (\) Relative Cover (l) 
Species 

1974 1976 1978 1974 1976 1978 1974 1976 1978 

Amelanchier 40 30 35 0.3 0.3 0.4 2.1 1.9 2.3 
spp. 

Artemisia 100 100 100 9.6 
tridentata 

10.3 9.6 66.B 5B.5 64.0 

Cercocarpus 65 65 70 0.4 0.3 0.2 3.1 1.9 1.1 
montanus 

Chrysothanmus 30 45 40 0.4 0.2 0.2 2.B 1.2 1.0 
nauseosus 

....A Chrysothamnus 5 15 15 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 I\)N 
I\)lD viscidiflorus 
J>.W 

Juniperus 40 35 45 0.6 0.4 2.0 3.B 2.3 13.1 
osteospenna 

Juniperus 5 15 1.0 1.4 6.6 7.9 
scopulorum 

Opuntia 20 10 35 -:0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
po1yacantha 

Pinus 55 70 75 0.8 1.6 1.2 5.5 9.2 8.1 
edulis 

Purshia 65 BO 75 1.2 1.9 1.1 8.3 10.9 7.4 
tridentata 

Symphoricarpos 30 30 40 0.2 0.2 0.4 1.0 0.8 2.9 
oreophilus 

Total 14.5 16.6 15.1 

L 



Table AB.7.1-6 . Frequency, mean cover, and relative cover values for shrub species in plot 1-F, 
1974-1978. Based on data from 20 10m x 4m line strip transects. 

Frequency (%) Mean Cover (\) Relative Cover (%) 
Species 

1974 1976 1978 1974 1976 1978 1974 1976 1978 

Amelanchier 10 10 15 0.6 0.8 0.7 6.6 6.3 7.0 
spp. 

Artemisia 80 80 100 5.3 7 .4 6.4 58.6 58.6 61. 7 
tridentata 

Cercocarpus 50 55 50 0.1 0.1 0.2 1.1 0.7 1.9 
montanus 

ChrysothalTUlus 50 50 55 1.4 1.5 1.3 15.5 12.1 12.5 
I\) N 

nauseosus 
1\)\0 
(11+:- Chrysothamnus 5 5 <0.1 <0.1 <0.1 <0.1 

viscidif10rus 

Juniperus 25 20 40 0.2 0.2 0.4 2.2 1.7 3.7 
osteospenna 

Juniperus 5 5 <0.1 0.1 <0.1 1.0 
scopu10IUll 

Opuntia 10 20 <0.1 <0.1 <0.1 <0.1 
polyacantha 

Pinus 25 2S 25 0.2 0.2 0.3 2.8 1.9 2.6 
cdlllis 

I'IIJ-' ,II i a 50 65 55 0.6 1.6 1.0 6.6 12.5 9.5 
1/ Id' -III al a 

'/'"1,1,'" I' :''1'''', ZIl 20 35 0.1 <0.1 0.1 1.1 <0.1 1.1 
'II' "f'l.. JII . 

;. ,I ,I 
H. ~) I I. !) 10.4 

L 



Table AB.7 .1-7. Frequency, mean cover, and relative cover values for shrub species in plot 2-0, 1974 -1978. Based on data from 20 lOrn x 4m line strip transects. 

Species Frequency (\) Mean Cover (\) Relative Cover (\) 
1974 1976 1978 1974 1976 1978 1974 1976 1978 

Amelanchier 20 10 10 0.2 0.6 0.7 3.7 7.4 7.8 spp. 

Artemisia 50 50 75 0.3 0.9 1.7 5.5 12.0 19.2 tridentata 

Cercocarpus 25 25 25 0.3 0.2 0.2 5.5 1. 9 2. 5 montanus 

Chrysotharnnus 85 90 95 2.6 3.4 4.2 46.7 42.8 46.9 nauseosus 
~ Ch.rysotharnnus 5 10 <0.1 <0.1 <0.1 <0.1 
I\) N 
1\)\0 viscidiflorus m<.n 

JWliperus 50 60 60 1.3 1.2 0.9 23.9 15.6 10.6 osteospenna 

OpWltia 35 20 <0.1 <0.1 0.1 <0.1 polyacantha 

Pinus 65 60 60 0.8 0.5 0.3 13.8 5.9 3.7 edulis 

Purshia 20 25 35 -:0.1 0.6 0.4 <0 . 1 7.0 4.6 tridentata 

Symphoricarpos 10 20 35 0. 1 0.1 0.4 0.9 0.8 4.6 oreophilus 

Total 5.6 7.5 8.8 

L 



Table AB. 7. 1-B. Frequency, 
mean Cover, and relative cover values for shrub species 

in plot 2-F, 
1974-1978. 

Based on data from 20 10m x 4m line strip transects. 

Species Frequency (%) 
Mean Cover (I) 

Relative Cover (t) 
1974 1976 1978 1974 1976 1978 1974 1976 1978 Amelanchier 
30 10 10 <0.1 <0 . 1 <0.1 0.5 <0.1 <0.1 

spp. 

Artemisia 
35 65 70 1.1 1.6 2.6 11. 7 11.9 17.7 

tridentata 

Artemisia 
5 sp. 

<0.1 
<0.1 Cercocarpus 

10 25 20 0.4 0.5 0.5 4.3 3.7 3.8 

IOOntanus .... 
I\) N 

Olrysothamnus 
50 70 75 0.6 1.8 1.4 6.9 12.9 9.5 

I\) \0 
...... 0\ 

nauseosus 

Chrysothamnus 
5 10 5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

viscidiflorus 

Juniperus 
70 80 85 2.8 4.0 3.4 30.3 28.9 23.3 

osteospenna 

~tia 
10 15 <0.1 <0.1 <0.1 <0.1 

po1yacantha 
Pinus 

65 6S 70 1.2 1.9 1.9 12.2 13.6 12.8 

edulis 

Purshia 
35 55 40 3.2 3.8 4.8 34.1 27.2 32.7 

tridentata 

S~horicarpos 
30 25 

<0.1 0.1 
<0.1 0.3 

oreophi1us 

Total 

9.3 13.6 14.7 

L 



.. 
I\)N 
I\) \0 
(X)'-J 

L 

Table AB.7.1-9. Density values (No. per hectare) for shrub species at plots 1-0, I-F, 2-0 , and 2-F; 
chained pinyon-juniper rangeland. Values based on 20 10m x 4m belt transects. lIeight 
class 1 = 0.25m - 0.75m; class 2 = 0.76m - 1.50m; class 3 = 1.5lm - 2.ZS~~ ; class 4 = 
<2.26m. 1974-1978. 

lIeight Plot 1-0 Plot 1-F Plot 2-0 Plot 2-F 
Class . 

1974 1976 1978 1974 1976 1978 1974 1976 1978 1974 1976 

Ame1anchier 1 162 99 163 25 25 88 62 49 38 75 25 
spp. 2 25 49 113 12 12 13 12 25 25 12 

3 12 
4 13 

Total 187 148 276 37 37 101 74 61 76 100 37 

Artemisia 1 2162 2561 2350 988 788 1138 138 151 575 212 388 
tridcntata 2 712 1074 1363 600 724 863 62 86 150 50 200 

3 12 25 38 12 49 150 12 25 49 
4 13 13 

Total 2886 3661 3764 1nOO 1561 2164 200 249 735 262 637 

Artemisia 1 12 
sp. Total 12 

Cercocarpus 1 262 375 350 138 138 100 38 62 75 50 62 
montanus 2 88 114 150 112 163 188 25 37 13 12 

3 49 63 12 25 12 12 
4 12 13 12 

Total 350 489 500 250 363 351 75 124 101 62 99 

Chrysothamnus 1 175 212 138 262 188 200 388 1037 1463 175 262 
nauseosus 2 25 12 13 12 62 50 100 225 163 50 114 

3 25 
Total 200 224 151 272 250 250 488 1262 1651 225 376 

1978 

25 
13 

38 

700 
213 
63 

976 

100 

26 
126 

213 
100 

313 



Table A8.7.1-9. (Continued) 

Ileight Plot 1-0 Plot l-F Plot 2-0 Plot 2-F Class 
1974 1976 1978 1974 1976 1978 1974 1976 1978 1974 1976 1978 

Chryso thrulUlUS 1 12 49 63 12 12 12 25 12 25 13 viscidif10rus Total 12 49 63 12 12 12 25 12 25 13 
Juniperus 1 75 37 88 38 49 88 75 74 75 200 138 150 osteospenna 2 62 62 75 50 12 38 162 175 138 225 225 150 3 50 12 37 50 12 37 88 4 13 12 25 13 Total 137 99 226 88 61 126 249 286 263 449 425 401 
Juniperus 1 25 12 12 .... 

copulorum 2 25 25 I\)N 
1\)\0 
CD co Total 50 37 12 

Opuntia 1 100 25 75 125 50 200 3S 100 38 polyacantha Total 100 25 75 125 50 200 35 100 38 
Pinus 1 138 188 163 125 114 150 212 114 138 162 212 188 cuulis 2 125 200 125 38 49 38 75 126 75 138 225 113 3 38 49 63 12 25 13 25 4 ~ 50 38 86 125 4 25 13 12 38 38 Total 301 437 376 175 188 214 312 301 301 338 523 464 
Purshia 1 588 874 938 225 299 200 88 74 88 225 175 213 tridentata 2 ]2 lOCO 125 50 212 188 12 37 13 125 249 288 3 13 ]2 13 50 Total 600 1874 1063 275 511 401 100 123 ll4 350 424 551 
S}'TlIphor iCCirpoS 1 150 262 438 112 62 188 112 99 188 49 125 l) rcoph i ] liS 2 13 25 38 13 37 50 Total ] 50 262 451 112 87 226 112 99 201 86 175 



Table AB.7.2- . 

~I +-I'" 

~! 
<3-

1 1.513 
2 0.281 
3 0.191 

~ 
4 
5 
6 

~ 7 
8 
9 

10 

1 6.488 
2 
3 0.427 

~ 
4 
5 
6 

~ 
7 0.212 
8 
9 

10 0.631 

Oven dry weights (grams) for range cages and adjacent open 
in the pinyon-juniper woodland cormrunity type. 1978. areas 

d 2 
VlO 

~g 
c:c 

0.068 

4.931 

0.011 

0.645 8.968 

2.631 

7.909 

9.988 

.... 
co 
.~ 

'" ~ VI 
Q.,~ 

VI 
100 VI 
~ C'CS 

~l; 

17.647 
2.037 
7.901 
2.560 
2.152 
3.597 
2.188 
4.483 

55.936 
0.597 
7.002 

20.771 
12.719 
6.657 
6.848 
1.002 

10.669 
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.-4 
C'CS 

• .-4 

5.f 
"'& & 

0.418 
0.261 
9.377 
0.880 
2.518 
0.188 
0.062 
0.248 

3.148 

6.000 
3.329 
8.197 
1.580 
5.970 
0.079 
0.222 
7.997 

8. 034 

VI 
VI VI 

.... VI .D ~g C'CS.D 4-4i: 
!~ .-4 ..c: +-1 • .-4 

~U) e2 CQ 

5.456 25.102 
2.~79 

0.334 17.803 
8.371 
4.6 0 

2.926 6.722 
0.139 2.389 
0.771 15.115 

5.7 9 

2.249 70.6 3 
11.835 

1. 059 16.685 
0.015 32.354 
0.002 18.691 
0.002 6.738 
0.139 7.421 

8.999 

0.008 19.342 



Table AB.7.2-2. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for clipped plots in 
the pin2on- j lUliper woodland cOl'llll.Ul.ity. Production values in 
grams/m. 1978. 

RANGE CAGES 

AgrOI'IKrm: 
snu ~ 

~SiS 
- enoides 

Other perennial 
grasses 

Pererurial 
forbs 

Annual 
forbs 

Total 

OPEN AREAS 

AS!°mii~ 
snu ~ 

Bromus 
tectOnml 

~i~ oldes 
Other perennial 

grasses 
Perennial 

forbs 
Armual 

forbs 
Half 

shrubs 
Total 

Mean ± 

0.862 ± 

1. 989 ± 

13.578 ± 

4.601 ± 

0.386 ± 

21.415 ± 

0.221 ± 

0.080 ± 

1. 837 ± 

4.729 ± 

1. 900 ± 

0.744 ± 

0.325 ± 

9.837 ± 

S.E. 

0.707 

1.327 

5.674 

1.121 

0.260 

6.705 

0.165 

0.071 

1.063 

1. 770 

1.006 

0.595 

0.325 

2.602 

300 
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Sample Frequency Range 
Size (\) of Values 

9 44 0-6.488 

9 22 0-9.988 

9 100 0.597- :" _ .. 936 

9 100 0.079-8.1 97 

9 78 0-2.249 

9 100 6.738-70.673 

9 33 0-1.513 

9 33 0-0.645 

9 33 0-8. 968 

9 89 0-17.647 

9 100 0.062-9.377 

9 44 0-5.1156 

9 11 0-2.926 

9 100 2.389-25.102 



Table A8.7.2-3. 

,\ ~ ca ... 
~ Q) 

11 
1 
2 0.359 
3 11.931 

~ 
4 17.499 
5 3.646 
6 m 7 52.547 

~ 
c 0 U.8 7 3 

9 
10 

1 15.961 
2 4.816 
3 27.529 

(J) 4 6.747 
~ 5 1.349 
t5 6 
~ 7 19.576 

~ S 9.696 
9 0.444 

10 

Oven dry weights (grams) for range cases and adjacent open 
areas in the chained pinyon-juniper rangeland community 
type. 1978. 

1\1\ 
.~ 

10.766 7.433 
0.166 

0.699 
1.329 49.617 

65.528 
0.460 4.388 
0.551 

0.058 0.877 

7.354 1. 726 
0.483 7.S94 

74.478 
52.070 
3.286 

0.425 55.143 
0.017 0.181 

.-4 
ca 
.~ 

~ 
Q) ... .-4 
Q) til ca 
~Q) .~ 

til s.2 ~ til 
Q) ca Q) ... 

.e~ ~ a 
~c.:J Q)~ 

0 ~ 

5.489 3.855 
17.501 5.563 
47.329 
20.729 
16.432 0.398 
15.209 11.170 

7.339 0.015 
30.57< 3.852 
30.417 25.785 

1. 564 
13.0S7 0.363 
15.095 
75.576 9.01S 
33.656 
10.048 4.145 
20.069 6.500 
59.015 1. 014 
24.491 7.880 

301 
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til 

til til 

:-\tIl .0 ca 
ca.o ~g ~8 
;:j ... 

~~ 
.-4.e +-I'~ 
cat/} O~ 

::c E-

0.460 28.003 
0.068 23.657 

59.959 
89.174 
86.004 

0.088 31.315 
0.006 60.458 
0.111 43.410 
0.076 57.213 

0. 348 26.953 
0.028 26.671 

117.102 
143.411 

38.291 
69. '161 

0.640 46.983 
0.147 69.872 

32.815 



Table AS.7 .2-4 • Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for clipped plots 
in the chained pinyon-jillliper rangeland. Production values 
in grams/m2. 1978. 

Mean ± S.E. 

RANGE CAGES 

Agro2YIon 9.569 :l: 3.198 
smithii 

Bromus 0.920 ± 0.807 
tectorun 

OryZ02siS 21. 642 ± 9.972 
hY!!lenoide~ 

Other pereIUlia1 28.067 ± 8.116 
grasses 

Perennial 3.213 ± 1.242 
forbs 

ArulUal 0.129 ± 0.075 
forbs 

Total 63.540 ± 13.885 

OPEN AREAS 

Agro2YIon 19.428 ± 10.358 
smithii 

Bromus 1.481 ± 1.169 
tectonun 

Oryz02sis 14.282 ± 8.330 
hYmenoides 

Other perennial 21. 224 ± 4.357 
grasses 

Perennial 5.626 ± 2.803 
forbs 

Annual 0.090 ± 0.049 
forbs 

Total 53.244 ± 7.964 

Sample 
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Size 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

Frequency 
(%) 

89 

44 

78 

100 

67 

44 

100 

67 

67 

67 

100 

78 

67 

100 

Range 
of Va.lues 

0-27.529 

0-7.354 

0-74.478 

1. 564-75.576 

0-9.018 

0-0.640 

26.671-143.411 

0-52.547 

0-10.766 

0-65.528 

5.489-47.329 

0-25.785 

0-0.460 

23.657-89.174 



Table A8.7.2-S. 

~ 
+..I I-< ... 
CIS I-< 
~ 4) +..I 
~.o 0'" 

a,~ I-< ~ 
« 

1 1. 513 
2 1.981 
3 7.975 

~ 
4 29.125 
5 15.313 
6 4.252 

ffi 7 3.179 
~ 8 9.584 

9 3.735 
10 13.852 

1 
2 3.143 

~ 
3 30.171 
4 18.072 

5 5 16.777 

~ 
6 12.633 
7 2.575 
8 23.282 
9 0.508 

10 12.916 

Oven dry weights (grams) for range cages and adjacent open 
areas in the upland sagebrush camunity type. 1978. 

d e 
1110 

9~ 
1-<+..1 
~ 

1.387 0.021 
0.807 1. 765 
0.003 

0.317 

0.192 

2.443 

r-4 
tIS .... 
~ 
'"' 4)111 
c:l.4) 

III 

t~ gc'3 

24.274 
13.875 
13.936 
28.673 
11. 507 
81. 377 
54.047 
11.209 
17.336 
27.445 

69.652 
25.071 
74.087 
34.241 
17.931 
43.941 
80.774 
23.215 
39.421 
41.559 

303 
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~ . ... 
81l 
4) '"' I-<~ 
~ 

8."91 
0.105 
0.155 
2.886 

11.194 
6.931 
0.138 
4.420 
3.709 
1.178 

13.926 
0.191 
3.358 
0.499 
7.189 
1. 258 
1.905 
0.281 
8.877 

12.853 

III 
til til 

r-4111 .0 
~~ tIS.o ~e :: I-< 

~~ !rJ5 +..I .... 

~~ 

46.447 80.925 
0.005 15.966 
0.008 23.482 

63.256 
0.068 38.085 
0.023 92.583 
0.004 57.685 
0.123 25.336 

6.992 31.772 
42.667 

1.807 54.519 139.904 
30.848 

0. 829 10.3 .445 
0.003 52.815 

41. 897 
57.832 

0.072 85.326 
0.270 47.048 

48.806 
67.328 



Table AS.7.2-6. ~ean production ± the standard error of the mean (S.E.), 
freauency, and range of observ7d values for clipped plots 
in the upland sagebrush CommunIty. Production values in 
grarns/m2. 1978. 

~an ± S.E. Sample Frequency Range 
Size (%) of Values 

RANGE CAGES 

A~o:QYTon 12.008 ± 3.269 10 90 0-30.171 
smithii 

Oryzo:Qsis 0.244 ± 0.244 10 10 0-2.443 
hyrnenoides 

Other perennial 44.989 ± 7.069 10 100 17.931-80.774 
grasses 

Perennial 5.034 ± 1.677 10 100 0.191-13.926 
forbs 

Annual 0.298 ± 0.187 10 SO 0-1. 807 
forbs 

H' If 5.452 ± 5.452 10 10 0-54.519 
5hrubs 

Total 68.025 ± 10.703 10 100 30.848-139.904 

OPEN REAS 

A~o:Qyron 9.051 ± 2.706 10 100 1. 513-29.125 
smithii 

Bronrus 0.271 ± 0.148 10 SO 0-1.387 
tectonIIll 

Oryzo:Qsis 0.179 ± 0.176 10 20 0-1.765 
hymenoides 

Other perennial 28.368 ± 7.154 10 100 11.209-81. 377 
grasses 

Perennial 3.941 ± 1. 232 10 100 0.105-11.194 
forbs 

Annual 0.023 ± 0.013 10 60 0-0.123 
forbs 

Half 5.344 ± 4.620 10 20 0-46.447 
shrubs 

Total 47.l76± 8.112 10 100 15.966-92.583 
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Table AB.7.2-7 . Oven dry weights (grams) for range cages and adjacent open 
areas in the bottomland sagebrush corranunity type. 1978. 

~ 
~ 
.~ 

.~ ~ 
~ 

~M ~ ~I 
I- ~ 
4) ~ (Ij 

~ .j.J I- ~ ~ 0 A.. 4) .~ ~ ~ (Ij I- ..c:: t:: ~ t:: ~ ~~ ..0 I- Q) .j.J 

~ ~I 
o 4) I- til t::.o C'O..o ~~ ~e ~..o e'g N 4)(Ij 4) I- :::l I-..c::1- I- 0 

~& ~..c:: +-I .~ C'O = 
t-- (ljUJ OP:) 3~ ~ 1-+-1 C)c..:J Q)~ < P:) A.. ::x:: E-

1 1.144 2.566 12.138 ' 7.799 11. 485 35.132 2 3.089 1.337 0.379 4.805 3 9.624 5.012 0.299 5.288 1.405 21. 628 

~ 
4 4.688 9.339 0.057 0.889 14.973 5 1.714 0.702 2.219 0.849 5.484 

~ 
6 10.539 10.539 7 2.203 3.954 ' 0.249 0.123 6.529 0 8 1.126 0.610 17.927 14.579 1. 922 0.044 36.208 9 0.522 , 2.992 ' 2.902 0.338 O. O€c 6.c40 10 0.328 22.758 0.022 0.480 23.588 

1 8.863 15.956 16.439 0. 074 41.332 2 15.629 8.588 0.334 24.551 3 14.435 3.691 0.029 28.408 5.202 51. 765 
eJ 4 '25.903 1.057 16.089 2.558 4.148 49.755 5 24.151 . 3.858 0.107 0.521 28.637 6 6 7.081 0.2!!}4 0.135 7. 510 e3 7 3.450 2.112 38.429 0. 018 0.113 44.122 
~ 8 1.175 3.283 0.138 0.209 0.014 0.229 5.048 9 2.411 13.581 0.701 0.115 16.808 10 58.747 0.111 0.596 59.454 
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Table AB.7.2-B. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for clipped plots 
in the bottomland sagebrush cOImlU1li ty. Production values in 
grams/m2. 1978. 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

RANGE CAGES 

Agro,ElTon 3.710 ± 
snuthii 

1. 927 10 50 0-15.629 

Bromus 14.741 ± 5.651 10 90 0-58.747 
tectorum 

Other perennial 6.905 ± 3.866 10 90 0-38.429 
grasses 

Perennial 6.138 ± 3.265 10 70 0-28.408 
forbs 

Annual 0.966 ± 0.528 10 100 .014-5.202 
forbs 

Half 0.438 ± 0.413 10 20 0-4.148 
shrubs 

Total 32.898 ± 6.064 10 100 5.048-59.454 

OPEN AREAS 

AgrO,Eni9t; 1. 804 ± 0.928 10 70 0-9.624 
snut 11 

Bromus 5.617 ± 2.100 10 100 0.610-22.758 
tectorum 

O~Z012SiS 1. 793 ± 1.793 10 10 0-17.927 
-ymenoides 

Other perennial 4.032 ± 1.806 10 70 0-14.579 
grasses 

Perennial 1. 784 ± 0.855 10 70 0-7.799 
forbs 

Annual 1. 453 ± 1.124 10 80 0-11.485 
forbs 

Half 0.089 ± 0. 089 10 10 0-0.887 
shrubs 

Total 16.573 ± 3.802 10 100 4.805-36.208 
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Table AB. 7 .2-9. Regression equations used for converting fresh weight 
estimates to oven dry weights for the int ensive study 
plots, May 1977. 

Species / Species Group Re~ression Equation Correlation Coefficient 

AgroElEon smithii y • 0.5l2x + 0.717 0.70 
Bromus tecton.un y ,. 0.435x + 0.185 0.62 
OryzoEsis hymenoides y • 0.362x + 1.134 0.84 
Other perennial grasses y • 0.543x + 0.720 0.80 
Perennial forbs y .. 0.43lx - (l.228 0.62 
Annual forbs y • 0.372x - 0.028 0.68 
Half shrubs * Y .. 0.379x 

Total t. ion.a:.;s r .. G 529x + 0.948 0.82 

*Only one data point 
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Table AB.7.2-1Q Regression equations used for converting fresh weight 
estimates to oven dry weights for the intensive study 
plots, June 1977. 

Species / Species Group 

Agropyron srni t!7-ii 

* Bronrus tectorurn 

Qryzopsis hyrnenoides 

Other perennial grasses 

Perennial fo tls 

Annual forbs 

Half shrubs 

Total biomass 

Regression Equation 

y • 0.7llx + 1.519 

Y • 0.435x + 0.185 

y • 0.920x + 0.065 

y • 0.323x + 1.554 

Y .. 0.624x + 0.464 

Y • 0.70lx - 0.234 

Y • 0.439x - 0.240 

Y - 0.697x + 1.517 

"Same equation as used for May data. 

30B 

Correlation Coefficient 

0.75 

0.62 

0.80 

0.55 

0.86 

0.99 

0.92 

0.77 
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Table AB.7.2-11 Regression equations used for converting fresh weight 
estimates to oven dry weights for the intensive study 
plots, July 1977. 

Species / Species Group 

Agropyron smi thE 

Bromus tecto11.llll" 

.Oryzopsis h~enoides 

Other perennial grasses 

Perennial forbs 

Annual forbs 

Half shrubs 

'''ota1 biomass 

Regression Equation 

y • O.SOSx + 0.a07 

y • 0.43Sx + 0.la5 

y • 0.a70x - 0.592 

y = 0.60Sx + 0.512 

Y • 0.6lax - 0.157 

Y = 0.338x - 0.la9 

y = 0.236x + 0.436 

y a 0.S91x + o.aos 

"Same equation as used for May data. 
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Correlation Coefficient 

0.70 

0.62 

0.93 

0.95 

0.94 

0.96 

0.98 

0.91 
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L 

Table AS.7.2-12. ~~an production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 1-0 and l-F, ~~y 1977. Based on data derived2from 
regression equations. Production values in grams/m . 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PWf 1-0 

AgrOefli?r: 0.025 ± 0.025 SO 2 0-1. 229 
snu. 11 

Bronrus 0.067 ± 0.037 SO 8 0-1.490 
tectOnIm 

OryzoQsis 1. 089 ± 0.185 SO 46 0-4.38 
hYIDenoides 

Other perennial 5.992 ± 0.686 SO 92 0-22.452 
grasses 

Perennial 0.868 ± 0.229 SO 58 0-6.238 
forbs 

Total 8.220 ± 0.689 SO 96 0-22.106 

PLOT l-F 

AgroElron 0.054 ± 0.040 SO 4 0-1. 741 
smithE 

OryzoEsis 1.477 ± 0.219 SO 62 0-5.836 
hymenoides 

Other perennial 5.657 ± 0.682 SO 96 0-22.452 
grasses 

Perennial 1 .112 ± 0.270 SO SO 0-9.413 
forbs 

Total 8.465 ± 0.629 SO 100 1. 213- 22 .106 
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Table AB . 7.2-11 ~~an production ± the standard error of the mean (S.E.), 
frequency, and range of observed valu~s for quadrats in 
Plots 1-0 and I-F, June 1977. Based on data derive2 from 
regression equations. Production values in grarns/m . 

Mean ± (S.E.) 

PLar 1-0 

AgrOffii9r: 0.415 ± 0.255 
SITUt l.l 

~ZOESiS 0.479 ± 0.196 
-ymenoides 

Other perermial 3.609 ± 0.310 
grasses 

Perermial 0.492 ± 0.156 
forbs 

Half 0.190 ± 0.117 
shrubs 

Total 7.418 ± 0.673 

PLOT 1-F 

Agro~9r: 1.181 ± 0.324 
SITUt .11 

Bromus 0.008 ± 0.008 
tectorum 

~ZOESiS 0.824 ± 0.199 
-ymenoide s 

Other perermial 4.227 ± 0.586 
grasses 

Perermial 2.261 ± 0.631 
forbs 

Half 0.460 ± 0.180 
shrubs 

Total 9.825 ± 1.218 

Sample 
Size 
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SO 

SO 

50 

50 

SO 

50 

SO 

50 

SO 

SO 

50 

SO 

SO 

Frequency 
(%) 

10 

30 

92 

24 

6 

100 

30 

2 

36 

88 

42 

16 

92 

Range 
of Values 

0-12.180 

0-9.263 

0-8.010 

0-5.458 

0-5.069 

1. 865- 21. 024 

0-9.337 

0-0.403 

0-6.504 

0-24.151 

0-25.436 

0-6.387 

0-50.285 



Table AB . 7.2-14. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 1-0 and l-F, July 1977. Based on data derived from 
regression equations. Production values in grams/m2. 

Mean ± S.E. 

PLOT 1-0 

AgrOeffi~ 0.047 ± 0.033 
snut 1 

~ZOESis 
-ymenoides 

2.057 ± 0.629 

Other perennial 5.902 ± 0.639 
grasses 

Perennial 
forbs 

0.593 ± 0.274 

Annual 
forbs 

0.005 ± 0.004 

Half 
shrubs 

0.233 ± 0.181 

Total 8.751 ± 0.803 

PLOr l-F 

AgroEYTon 
STnlthh 

0.407 ± 0.161 

°EtZOESis 2.084 ± 0.481 
-ymenoides 

Other perennial 7.623 ± 0.836 
grasses 

Perennial 1.584 ± 0.639 
forbs 

Annual 0.002 ± 0.002 
forbs 

Half 0.107 ± 0.043 
shrubs 

Total 11. 064 ± 0.928 
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Sample 
Size 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

SO 

SO 

SO 

Frequency Range 
(\) of Values 

4 0-1.312 

30 0-17.991 

92 0-15.648 

24 0-11.587 

4 0-0.150 

8 0-8.943 

98 0-26.197 

16 0-4.345 

42 0-17.121 

94 0-24.729 

46 0-22.095 

2 0-0.100 

12 0-1.145 

98 0-31.807 



Table AB. 7. 2-15 ~an prod.u-tior. ± the standard error of the mean (S. E.) , 
frequency, and range of observt"d values for quadrats in 
Plots 2-0 and 2-F, May 1977. Bas~ on data derived from 
regression equations. Production values in gralll!S 1m2. 

·lean ± S.E. Sample Frequency Range 
Size (\) of Values 

PLOT 2-0 

AgrOE~9t;l 0.548 ± 0.131 50 30 0-3.276 snut H 

Bronrus 0.497 ± 0.157 SO 36 0-6.709 tectorum 

01iZOESis 
ymenoides 

0.488 ± 0.139 SO 22 0-3.666 

Other perennial 7.324 ± 1. 003 50 80 0,27.885 grasses 

Perennial 
forbs 

0.398 ± 0.127 50 46 0-4.045 

Annual 0.077 ± 0.034 50 16 0-1. 460 forbs 
Half 0.038 ± 0.038 50 2 0-1.895 shrubs 
Total 9.482 ± 0.888 50 98 0-27.660 

PLOT 2-F 

AgrOEtfi9t;l 0.843 ± 0.260 50 34 0-10.955 snut ~l 
Bromus O. 02 ± 0.1 1 50 48 0-5 . 405 tectorum 

01iZ02Sis 
-ymenoides 

O. 99 ± .161 SO 36 0-3.666 

Othel' perennial 5.306 ± 0.510 SO 94 0-18.649 grasses 

Perennial 3.043 ± 0.642 SO 88 0-27.359 forbs 

Annual 0.045 ± 0.030 50 12 0-1. 460 forbs 
Half 

shrubs 
0.857 ± 0.540 50 8 0-20.845 

Total 12.500 ± 1. 215 SO 100 1. 213- 39.033 
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Table AB. i . 2-16 ~~an production ± the standard error of the mean (S.E.), 
:frequency, and range of observed values for quadrats in 
Plots 2-0 and 2-F, June 1977. Based on data derive~ from 
regression equations. Production values in grams/m . 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PLaT 2-0 

~ 0.684 ± 0.290 SO 16 0-12 . 180 STIU 1 --
Bronus 0.016 ± 0.011 SO 4 0-0.403 tecto11lJIl 

~ZOPSiS 0.124 ± 0.084 SO 6 0-3.745 ymenoides 

Other perennial 3.412 ± 0.345 50 86 0-12.853 grassec:; 

:"erenllj al 1.291 ± 0.497 SO 28 0-16.072 ff'!"~s 

Arumal 0.1..9 ± 0.070 SO 10 0-3.039 forbs 
Half 

shrubs 
0.031 ± 0.031 50 2 0-1.557 

Total 7.921 ± 0.849 SO 96 0-25.552 
PLar 2-F ---
Agropyron O. 793 ± 0.220 SO 26 0-5 .073 smithii 

OrvzoEsis 
tymenoides 

0.879 ± 0.309 SO 22 0-9.263 

Other perennial 2.004 ± 0.2ll 
grasses 

SO 76 0-7.365 

Perennial 1. 365 ± 0.371 SO 44 0-12. 950 forbs 

Anm;a1 0.035 ± 0.020 50 6 0-0 . 585 forbs 

Half 0.040 ± 0.040 SO 2 0 .. 1. 996 shrubs 

Total 5.S85 :t 0.551 SO 94 0-16.147 
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Table A8.7.2-17. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed valles for quadrats in 
Plots 2-0 and 2-F, July 1977. Based on data derive2 from 
regression equations. Production values in grams/m . 

Mean ± S.E. Sample Frequency Range 
S_~e (%) of Values 

PWf 2-0 

Agropyron 1.024 ± 0.261 SO 28 0-5.861 
snu.thil 

Bromus 0.009 ± 0.009 
'fedorurn 

SO 2 0-0.453 

Oryzopsis 0.480 ± 0. 226 SO 12 0-9.291 
nymenoldes 

Other perennial 4.746 ± 0.707 SO 72 0-15.648 
grasses 

Perennial 0.685 ± 0.240 SO 32 0-9.114 
forbs 

Annual 0.299 ± 0.203 
forbs 

SO 20 0-9.957 

Half 0.013 ± 0.013 
shrubs 

SO 2 0-0.672 

Total 7.460 ± 0.832 SO 92 0-22.063 

PWf 2-F 

Agropyron 0. 372 ± 0.152 
S1Tilt1iIT 

SO 16 0-5.861 

Bromus 0.014 ± 0.010 SO 4 0-0.453 
--reCforum 

Oryzopsis 1.621 ± 0. 557 
nymenoldes 

SO 24 0-17.991 

Other perennial 4.819 ± 0.743 SO 78 0-24 .729 
grasses 

Perennial 1.152 ± 0.405 SO 34 0-13.441 
forbs 

Annual 0.267 ± 0.201 SO 12 0-9.957 
forb 

Half 0.032 ± 0.032 SO 2 0-1.61 7 
shrubs 

Total 8. G73 ± 0.942 SO 94 0-24.4 25 
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Table AB.7.2-J8 Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 3-0 and 3-F, May 1977. Based on data derived from 
regression equations. Production values in grams/m2. 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PLaI 3-0 

AE!o~?~ 0.898 ± 0.133 SO 56 0-3.276 SIJll. 11 

Other perermia1 7.576 ± 0.282 SO 100 3.980-12.672 grasses 
Perennial 3.066 ± 0.171 SO 100 1.065-5.807 forbs 
Annual 0.016 ± 0.007 SO 10 0-0.158 forbs 
Total 12.215 ± 0.361 50 100 7.296-17.875 
PLOT 3-F -----
AgrOE~9~ 4.607 ± 0.301 SO 100 1. 741-9. 931 SIJll. t 11 

Other perermial 8.913 ± 0.387 50 100 1. 807-14. 846 grasses 
Perermia1 3.981 ± 0.266 SO 100 1. 065- 9.686 forbs 

Annual 0.029 ± 0.010 SO 16 0-0.344 forbs 
Half 0.008 ± 0.008 50 2 0-0.379 shrubs 
Total 18.160 ± 0.615 SO 100 9.940-25.809 
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Table A8.7.2-19. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 3-0 and 3-F, June 1977. Based on data derived from 
regression equations. Production values in grams/m2. 

Mean ± S.E. Sample Frequency Range Size (%) of Values 
PLOT 3-0 

AgroEITon 4.263 ± 0.207 SO 100 1. 875-9.337 smithii 

Other perennial 2.942 ± 0.115 SO 100 1. 877-5. 428 grasses 
Perennial 1.457 ± 0.121 SO 96 0-4.210 forbs 
Half 0.076 ± 0.041 SO 8 0-1.557 shrubs 

Total 8.421 ± 0.345 SO 100 3.955-14.754 PLOT 3-F 

A&!O~Bi?I,l 4.337 ± 0.245 SO 96 0-8.626 srru 11 

Other pererurial 3.258 ± 0.109 SO 100 2.199-6.396 grasses 
Perennial 1.617 ± 0.162 SO 82 0-5.458 forbs 
Half 0.164 ± 0.076 SO 10 0-2.874 shrubs 

Total 9.633 ± 0.364 SO 100 4.304-18.934 

."., 
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Table AB.7.2-20. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 3-0 and 3-F, July 1977. Based on data derive2 from 
regression equations. Production values in grams/m • 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PLar 3-0 

AgrO;>mr: 3.011 ± 0.186 
snut 1 

SO 100 1. 060-5. 861 

Other perennial 4.181 ± 0.183 SO 100 2.328-6.566 grasses 
Perennial 0.622 ± 0.089 SO 88 0-2.933 forbs 
Half 0.067 ± 0.029 SO 10 0-0.909 shrubs 

Total 7.743 ± 0.319 SO 100 4.643-14.387 
PLar 3-F 

AgrO~~~r: 2.920 ± 0. 144 
smt 11 

SO IOU 1.312-5.861 

Other perennial 4.011 ± 0.228 SO 100 1.723-9.593 grasses 
Perennial 

forbs 
0.616 ± 0.122 SO 80 0-4.170 

Half 0.056 ± 0.028 SO 8 0-0.909 shrubs 

Total 7.448 ± 0.267 SO 100 4.348-12.025 
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Table AB.7.2-21. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 4-0 and 4-F, ~~y 1977. Based on data derived from 
regression equations. Production values in grams/m2. 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PLaf 4-0 

AgroEtli~r: 1.242 ± 0.170 SO 64 0-4.300 
Sffi1t 11 

Bromus 0.020 ± 0.015 SO 4 0-0.620 
tectonnn 

~ZOESiS 0.294 ± 0.157 SO 10 0-6.921 
-ymeno1des 

Other perennial 1.263 ± 0.416 SO 60 0-8.869 
grasses 

Perennial 0.015 ± 0.013 SO 4 0-0.634 
forbs 

Annual 0.036 ± 0.013 SO 16 0-0.344 
forbs 

Total 2.782 ± 0.306 SO 92 0-9.676 

PLar 4-F 

AgrOEtli~r: 0.741 ± 0.117 SO 52 0-2.764 
smlt 11 

Bromus 0.008 ± 0.008 SO 2 0-0.403 
tectonnn 

OryzoEsis 0.726 ± 0.188 50 28 0-5.474 
nymeno1des 

Other perennial 0.809 ± 0.165 50 46 0-6.153 
grasses 

Other annual 0.021 ± 0.021 SO 2 0-1.055 
grasses 

Perennial 0.054 ± 0.025 SO 18 0-1. 065 
forbs 

Annual 0.074 ± 0.034 SO 16 0-1. 460 
forbs 

Total 2.541 ± 0.225 SO 90 0-7.296 
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Table AB.7.2-22. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 4-0 and 4-F, June 1977. Based on data derived 
from regression equations .. Production values in grams/m2. 

Mean ± S.E. 

PtaI' 4-0 

AgrOEUi?r: 1.074 ± 0.152 
SITUt 11 

OrvzoEsis 
~ymenoides 

0.236 ± 0.119 

Other perennial 1.015 ± 0.197 
grasses 

Perennial 0.037 ± 0.026 
forbs 

Annual 0.012 ± 0.012 
forbs 

Half shrubs 0.177 ± 0.093 

Total 2.8451 ± 0.324 

PWf 4-F 

AgrOEmr: 1.205 ± 0.136 
snut 1 

~ZOESiS 0.652 ± 0.179 
-ymenoides 

Other perennial 0.745 ± 0.171 
grasses 

Perennial 0.081 ± 0.042 
forbs 

Annual 0.030. ± 0.022 
forbs 

Half shrubs 0.396 ± 0.117 

Total 3.058 ± 0.321 
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Sample 
Size 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

50 

Frequency Range 
(%) of Values 

52 0-2.941 

10 0-4.665 

40 0-4.782 

4 0-1. 088 

2 0-0.585 

8 0-3.752 

84 0-10.574 

62 0-2.230 

30 0-5.584 

34 0-4.782 

8 0-1.713 

4 0-0.936 

2Z 0-3.313 

84 0-9.180 



Table AB.7.2-23 Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 4-0 and 4-F, July 1977. Based on data derive~ from 
regression equations. Production values in grams/m . 

Mean ± S.E. 

PLOT 4-0 

Agropyron 1. 202 ± 0.246 
Sffi1 thi 1 

Bromus 0.009 ± 0.009 
tectonun 

Oryzopsis 0.593 ± 0.297 
nymenoldes 

Other peremual 2.070 ± 0.728 
grasses 

Perennial 0.012 ± 0.010 
forbs 

Annual 0.006 ± 0.003 
forbs 

Half 0.352 ± 0.212 
shrubs 

Total 4.605 ± 0.858 

pr.ar 4-F 

Agrop:rron 0.870 ± 0.167 
smlE1iIT 

Oryzopsis 1.175 ± 0.292 
nymenoldes 

Other perennial 1. 363 ± 0.391 
grasses 

Perennial 0.015 ± 0.010 
forbs 

Annual 0.007 ± 0.004 
forbs 

Half 0.594 ± 0. 241 
shrubs 

Total 4.483 ± 0.709 
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Sample 
Size 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

SO 

Frequency Range 
(%) of Values 

SO 0-9. 904 

2 0-0.453 

;1.2 0-11.031 

40 0-32.600 

4 0-0.461 

6 0-0.100 

8 0-7.525 

82 0-32.102 

42 0-3.839 

28 0-6.681 

38 0-13.831 

6 0-0.461 

6 0-0.150 

18 0-9.888 

86 0-27.968 



Table AB. 7 • 2-24 . Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 5-0 and 5-F, ~hy 1977. Based on data derived from 
regression equations. Production values in grams/m2. 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PLOf 5-0 

AgroElTon 0.025 ± 0.025 50 2 0-1. 229 
SJn.1thii 

°EfiZOESiS 1.882 ± 0.336 50 62 Q-13.794 
lymenoides 

Othe! perennial 2.201 ± 0.439 50 40 0-18.649 
grasses 

Other annual 0.039 ± 0.038 50 2 0-1.925 
grasses 

Perennial 0.529 ± 0.367 50 12 0-17.014 
forbs 

Total 5.071 ± 1.038 50 98 0-43.264 

PLOf 5-F 

AgrOEH?I,l 0.697 ± 0.174 50 38 0-5.836 
smlt 11 

~ZOESis 1.613 ± 0.240 SO 58 0-5.474 
;1Jllenoides 

Other perennial 3.211 ± 0.383 SO 80 0-11.586 
grasses 

Perennial 0.599 ± 0.135 SO SO 0-4.083 
forbs 

Annual 0.010 ± 0.008 SO 4 0-0.344 
forbs 

Total 6.238 ± 0.508 50 100 1.213-16.817 
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Table AB.7.2-2S ~~an production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 5-0 and 5-F, June 1977. Based on data derive~ from 
regression equations. Production values in grams/m . 

~an ± S.E. Sample Frequency Range 
Size (%) of Values 

PLOT 5-0 

AgrO~nt~ 0.232 ± 0.090 50 12 0-2.230 
SInl.t 11 

OryzoEsis 2.404 ± 0.417 50 62 0-11.103 
hymenoides 

Other perennial 0.728 ± 0.151 50 34 0-3.491 
grasses 

Perennial 0.031 ± 0.022 50 4 0-0.776 
forbs 

Annual 0.012 ± 0.012 50 2 0-0. 5~S 
forbs 

Total 3.573 ± 0.365 SO 84 0- 9.877 

PLOT 5-F 

Agro:e~9t; 0.941 ± 0.221 50 32 0-6. 494 
SInl. t 11 

OryzoEsis 1. 839 ± 0.310 SO 70 0-7.424 
hymenoides 

Other perennial 1. 911 ± 0.212 50 70 0-4.782 
grasses 

Perennial 0.330 ± 0.109 50 20 0-3.586 
forbs 

AP'.lual 0.012 ± 0.012 50 2 0-0. S8S 
forbs 

Half 0.093 ± 0.054 50 6 0-1. 996 
shrubs 

Total 5.474 ± 0.453 SO 100 1.865 -19.631 
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Table AB.7.2-26. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 5-0 and 5-F, July 1977. Based on data derived from 
regression equations. Production values in grams/m2. 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PWf 5-0 

A~oQy!on 0.748 ± 0.316 SO 22 0-13.441 
smithii 

~zoQsis 2.098 ± 0.414 SO 62 0-13.641 
-ymenoides 

Other perennial 2.460 ± 0.668 SO 56 0-22.913 
grasses 

Perennial 0.080 ± 0.041 50 16 0-1.697 
forbs 

Total 4.902 ± 0.854 SO 94 0-28.559 

PLOT 5-F 

A8!o:e~9t;t 0.440 .' 1' . 094 SO 32 0-1. 818 
sm1t 11 

°EfiZOEsiS 2.115 ± 0.482 SO S6 0-15.381 
ymenoides 

Other perennial 3.161 ± 0.430 SO 84 0-18.520 
grasses 

Perennial 0.268 ± 0.134 SO 18 0-6.024 
forbs 

Annual 0.002 ± 0. 002 SO 2 0-0.100 
forbs 

Half 0.983 ± 0. 052 SO 18 0-1.697 
shrubs 

Total 5.029 ± 0.539 SO 90 0-18.520 
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Table AB.7.2-27. ~ean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 6-0 and 6-F, ~ay 1977. Based on data derived

2
from 

regression ~uations. Production values in grarns/m . 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PLOT 6-0 
A2TooYron 1.238 ± 0.582 

smithii 
SO 42 0-28.631 

OrvzoQsis 0.052 ± 0.052 
hvrnenQiQe~ 

SO 2 0-2.581 

Other perennial 6.224 ± 0.600 
grasses 

SO 88 0-17.019 

Perennial 2.012 ± 0.469 50 70 0-14.859 forbs 

Total 9.965 ± 1.039 SO 92 0-32.685 
?Wf 6-F 

A2rQOYTQn 0.191 ± 0.059 
smithii 

SO 18 0-1. 229 

QryZOJ2S!~ 0. 400 ± 0.120 
hvmeDQ;i,~~ 

SO 20 0-3 .304 

Other pereIUlial .3.440 ± 0. 314 
grasses 

SO 96 0-11.586 

Perennial 0.544 ± 0.240 
forbs 

50 48 0-10.548 

Total 4.695 ± 0.414 SO 98 0-15.494 
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Table AB.7.2-2B. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats in 
Plots 6-0 and 6-F, June 1977. Based on data derive2 from 
regression equations. Production values in grams/m . 

~1ean ± S.E. Sample Frequency Range 
Size (%) of Values 

PLOT 6-0 

A~o~TIi9~ 0.546 ± 0.180 SO 20 0-5.783 
snut 11 

OryzoEsis 0.030 ± 0.022 SO 4 0-0.985 
hymenoides 

Other perennial 3.456 ± 0.337 SO 88 0-11. 238 
grasses 

Perennial 1.471 ± 0.423 SO 44 0-12.950 
forbs 

Total 7.531 ± 0.896 SO 90 0-30.778 

PWf b-F 

AgrO~~9~ 0.418 ± 0.124 SO 20 0-3.651 
SITU. 11 

~ZOESis 0.498 ± 0.144 SO 30 0-4.664 
-ymenoides 

Other perennial 2.259 ± 0. 125 SO 92 0-4.136 
gras es 

Perennial 0.270 ± 0.085 SO 26 0-3.586 
forbs 

Total 3.857 ± 0.266 SO 94 0-7.787 
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Table A8.7.2-29. Mean production ± the standard erl\.r of the mean (5 .. J, 
frequency, and range of observed value::. for quadrats in 
Plots 6-0 and 6-F, July 1977. Based on data derive~ from 
regression equations. Production values in grams/m . 

Mean ± S.E. Sample Frequency Range Size Ct) of Values 

PLOT 6-0 

~grOeUi?Z; 0.677 ± 0.438 SO 10 0-21.02~ Sffi.l 11 

Other perennial 6.305 ± 1.375 50 94 0-67.109 grasses 
Perennial 1. 497 ± 0.381 SO 62 0-12.205 forbs 

Total 8.686 ± 1.609 SO 96 0- 5.209 
PLOT 6-F 

AgroE~'Ton 0.093 ± 0.071 SO 4 0-3.334 ~thir 

~ZOESis 1.586 ± 0.407 50 46 0-15.381 -ymenoides 

Other perennial 4.307 ± 0.403 50 94 0-12.015 grasses 
Perennial 0.886 ± 0.2S4 SO 46 0-8.496 forbs 
Annual 0.003 ± 0.003 SO 2 0-0. SO forbs 
Half 0.016 ± 0.014 SO 4 0-0.672 shrubs 

Total 6.430 ± 0.546 SO 96 0-16.158 
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Table AS.7.2-30. Fresh weight estimates (grams) for intensive study plot I-F, chained pinyon-juniper 
rangeland . July, 1978. 

Quadrat 
NLDnber 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

Ag!oJi~on <1 <1 18 6 11 smlt 11 1 <1 

Bromus 1 .~ 1 <1 <1 <1 tectonun 1 <1 <1 <1 <1 <1 <1 1 

~zOESis 35 17 27 10 17 10 30 12 30 7 45 50 65 13 80 !!}'JTlenoiaes 6 40 2 100 12 65 10 33 65 55 50 5 40 <1 40 7 25 

Perennial 20 3 11 12 35 20 12 3 13 8 6 37 28 30 5 45 83 2 4 grasses 55 12 40 3 35 13 15 5 3 1 40 10 5 40 55 85 13 18 5 15 10 10 20 

Perermia1 3 40 5 2 <1 3 
forbs 1 1 2 2 10 40 

Annual <1 <1 <1 1 2 <1 forbs <1 1 

Half 45 30 35 
shrubs 7 5 3 4 18 8 3 3 

Total 20 39 17 38 15 75 30 29 10 33 70 13 36 46 28 30 52 SO 50 112 96 2 125 0 11 
Biomass 1 61 12 40 51 37 118 27 71 13 1 73 14 70 97 55 141 36 18 63 15 10 40 17 90 
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Table AB.7.2.31. Fresh weight estimates (grams) for intensive study plot 2-F, chained pinyon-juniper 
rangeland. July, 1978 

Quadrat 
Number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Z2 23 24 25 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

Ag~oH~on 13 2 14 5 20 23 2 .1 25 18 J 18 25 6 11 26 80 20 5 
STlllt HI 6 40 19 20 33 27 40 

Bromus <1 1 3 <1 <1 3 <1 <1 1 <1 4 2 1 1 1 2 1 3 
tecto run <1 5 <1 3 4 9 5 1 <1 6 ,~ 3 6 <1 2 1 3 5 7 

OryzoEsis 17 33 4 3 8 
hymenoides 16 33 8 35 55 7 10 30 

PereJU\ia1 30 35 55 2 70 15 6 1 27 60 45 6 2 3 35 17 52 
grasses 2 25 30 7 30 12 5 18 1 5 20 2 70 6 

PereJU\ia1 18 4 2 1 20 16 37 1 2 4 
forbs 1 2 2 2 2 

Annual <1 1 <1 4 <1 1 <1 2 1 
forbs 1 2 7 2 1 1 2 2 1 

Half 3 11 4 
shrubs 12 

Total 43 55 35 60 23 29 39 73 53 38 14 4 27 60 35 45 73 6 19 11 45 28 83 37 61 
Biomass 23 3 67 49 12 <1 53 45 42 13 12 29 <1 7 5 43 43 62 24 9 1 74 15 72 13 
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Table AB.7.2-32 . Fresh weieht estimates (grams) for intensive study plot 5-F, pinyon-juniper 
woodland. July 1978. 

Quadrat NLDnber 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

AgroElron smithii 2 5 <1 2 2 2 1 3 
3 8 3 2 Bromus tectorum 

<1 2 <1 1 <1 <1 <1 OrlzoEsis hymenoides 35 13 10 5 7 <1 4 3 5 2 2 20 16 1 1 2 4 18 50 E 7 6 13 5 18 Perennial grasses 20 <1 8 <1 25 22 20 8 5 15 3 1 6 18 a 10 5 2 40 15 5 3 8 9 15 4 35 11 8 13 25 19 20 3 6 7 80 40 1 12 32 50 200 Perennial forbs 2 2 4 1 3 6 3 <1 17 <1 2 <1 2 8 Annual forbs <1 <1 <1 <1 <1 <1 <1 <1 4 <1 <1 <1 3 <1 <1 1 <1 1 1 2 <1 1 Half shrubs 

1 1 

Total Biomass 55 2 26 10 27 22 7 29 8 5 15 3 3 10 3 18 8 5 0 4 14 8 23 63 16 
6 7 12 20 12 18 60 3S 14 23 13 26 26 22 3 7 16 80 57 14 9 20 38 78 200 
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Tabl~ A.8.7.2-33. Fresh weight estimates (grams) for intensive study plot 6-F, pinyon-juniper 
woodland. July J 1978. 

~drat 
NlIllber 

Ag~Ot~on 
smlt 111 

BronlUs 
tee to IU1\ 

~ZOESis 
~nenoia:es 

Perennial 
grasses 

Perennial 
forbs 

Annual 
forbs 

Half 
shrubs 

Total 
Biomass 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

3 4 3 <1 2 9 6 1 4 1 9 3 12 3 15 6 20 10 3 35 20 5 40 9 3 45 

2 <1 4 

30 65 35 15 47 40 10 12 30 6 13 2 3 45 12 2 50 

70 5~ 20 95 100 30 60 50 20 <1 13 10 40 28 45 60 100 7 100 110 40 45 65 45 50 20 150 55 60 85 110 50 120 85 17 30 85 35 5 50 55 35 30 100 30 40 45 60 14 

2 15 4 3 3 45 15 7 1 14 30 35 22 10 12 20 22 60 25 50 30 15 30 20 55 25 18 2 32 7 35 18 7 6 6 15 6 33 30 1 6 12 20 15 

11 1 <1 <1 <1 

60 10 7 

72 130 20 125 104 36 67 98 45 11 <1 29 20 54 64 140 86 145 20 135 179 140 79 116 85 65 53 170 122 129 109 112 85 142 139 55 47 96 43 60 65 81 68 65 153 45 57 140 80 29 



Table AB.7.2-34. Oven dry weights (grams) for chained pinyon-juniper rangeland plots 1-F and 2-F. 1978. 

~ 
cu 
.~ 

'~~ 
@ 
~ 

2 I-< ~ 
~ Vl cu 

Vl 
+-II-< 

Vl 0 p.,~ .~ 
Vl Vl 

cu ~ Vl 0 
o ~ Vl @.2 ~Vl .0 ~~ ~~ ~~ $-oVl 

!"f ~i:! N ~(\I ~ I-< cu 0 .e:I-< 
~& ~~ .-I.e: +-I .~ 1-<+-1 bc..:l ~U) ~a::l 

8- a::l p., ..... 
2 3.820 38.283 9.301 0.037 51.404 5 9.597 0.547 10.144 10 21. 505 1.071 22.576 16 0.336 29.040 0.149 0.158 29.525 ~ 

7.0 38.994 40.052 2.356 81.402 
I 

.-I 21 6.114 M.422 70.536 +-I 30 3.929 23.056 3.846 1. 229 4.361 36.421 
0 

.-I 
32 0.115 62.142 10.861 2.301 75.419 

p., 

39 0.312 37.307 2.619 39.926 40 0.787 22.570 37.541 1.435 62.333 

6 25.321 3.755 1.096 0.064 30.236 12 3.398 1.531 0.143 5.072 15 33.175 0.120 9.202 0.914 43.291 16 0.095 51. 016 0.172 51.188 ~ 21 4.143 17.633 2.010 1.642 25 . 428 I 

28 17.526 18.794 0.542 36.862 
N 

+-I 34 7.982 15.106 5.685 0.237 29.010 0 35 29.132 0.228 2.515 31. 875 
.-I 
p., 

36 7.970 3.859 11. 829 48 7.509 5.396 12.905 
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Table AS.7.2-3S. Oven dry weights (grams) for pinyon-juniper woodland plots 
5-F and 6-F. 1978. 

.... 
cO 

• ..-1 

'd 
§ 
Q) 

~ 
~ .... 
Q)tIl CIS til 

c..Q) • ..-1 til til 

~~ 
til 2.2 .... tIl .c ~~ ~tIl 

j~ ~e Q) cO Q) ~ 

~c3 
~ 0 .... .c ~ • ..-I 

~~ 
Q)'-Lo cOtI1 ~~ 

a:l c.. ::c 

7 1. 573 4.089 0.372 0.179 5.841 

9 3.776 3.776 

12 1.199 0.157 1. 356 

14 1.787 3.859 5.646 

"'" 31 3.819 1.073 4.892 
I 

U"I 35 10.729 3.109 13 . 838 
~ 41 0.087 2.144 0.152 2.383 
0 .... 44 20.260 4.358 24.618 
c.. 

46 0.2"2 3.941 0.173 0.702 5 .058 

48 21. 615 1. 776 0.471 23.862 

6 0.396 7.489 1. 210 9.095 

13 1. 989 5.911 0.148 8.048 

21 4.441 24.508 55.049 15.879 0.025 95.461 

28 4.903 56.719 5.568 62.287 

'-Lo 33 3.570 27.376 14.751 0.875 46. 572 
I 38 3.194 67.699 1. 755 72.648 

\C) 

~ 43 1. 344 22.264 26.876 0.199 49.140 
0 47 3.374 0.020 0.373 22.784 8.857 35.388 .... 
c.. 49 28.806 11.719 0.415 40.940 

50 5.448 7.123 12.571 



Table AB.7.2-36. Regression equations used for converting fresh weight 
estimates to oven dry weights in plots l-F, 2-F, 5-F, and 
6-F. 1978. 

Species / Species Group 

Agropyron smithii 

Bromus tectorum 

Oryzopsis hymenoides 

Other perennial grasses 

Perennial forbs 

Annual forbs 

Half shrubs 

Total Biomass 

Regression Equation 

y = 0.650x + 2.503 

Y • 2.748x - 1.543 

Y a 0.586x + 0.565 

Y = 0.520x + 3.415 

Y = 0.616x - 0.893 

Y a 0.537x + 0.234 

Y = 0.924x - 2.160 

y = 0.5l8x + 6.597 

334 

Correlation Coefficient 

0.70 

0.93 

0.95 

0.88 

0.91 

0.81 

0.99 

0.89 
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Table AB.7.2-37. ~~an production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats at 
chained plllyon-juniper rangeland Plots 1-F and 2-F, 1978. 
Production data are in grams/m~-based an data derived from 
regression equations. 

~lean ± S.E. Sample Frequency Range 
Size (\) of Values 

PLOT l-F 

AgroEtri9I,l 0.838 ± 0.370 SO 14 0-14.201 
snut 11 

Bromus 0.092 ± 0.041 SO 26 0-1. 205 
tectorum 

~ZOESis 12.115 ± 2.098 SO 64 0-59.125 
-ymenoides 

Other perennial 12.077 ± 1. 579 SO 84 0-47.636 
grasses 

Perennial 1.164 ± 0.668 SO 24 0-23.747 
forbs 

Annual O. ~.07 ± 0.038 SO 16 0-1.307 
forbs 

Half 2.500 ± 1.119 SO 22 0-39.420 
shrubs 

Total 29.461 ± 2.542 SO 100 6.597-79.635 

PLOT 2-F 

AgrOEtri9I,l 7.800 ± 1. 539 SO 52 0-54.495 
snu.t 11 

Bromus 3.968 ± 0.796 50 74 0-23.189 
tectorum 

QryzoEsis 3.180 ± 1.005 SO 26 0-32.733 
nymenoides 

Other perennial 9.338 ± 1. 615 SO 62 0-39.832 
grasses 

Perennial 1.161 ± 0.547 SO 32 0-21. 900 
forbs 

Annual 0.411 ± 0.105 SO 38 0-3.992 
forbs 

Half 0.382 ± 0.238 SO 8 0-8.928 
shrubs 

Total 24.406 ± 1. 707 SO 100 6.856-49.591 
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Table AS. 7 . 2-38 . Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for quadrats at 
pinyon-juniper woodland Plots 5-F and 6-F, 1978. Produc-
tion data are in grams 1m2 based on data derived from 
legression equations. 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

PLOf 5-F 

Ag1'OE~9~ 1. 036 ± 0.277 SO 24 0-7.702 Stnl. t 11 

Bromus 0.113 ± 
tectOnml 

0.082 SO 14 0-3.953 

0!fiZOESis 
-ymenoides 

3.357 ± 0.823 SO SO 0-29.846 

Other perennial 11.724 ± 2.287 SO 88 0-107.464 grasses 
Perennial 0.433 ± 0.213 

forbs 
SO 28 0-9.579 

Annual 0.323 ± 0.062 SO 44 0-2.381 forbs 

Half shrubs 0.004 ± 0.003 SO 4 0-0.100 
Total 19.169 ± 2.332 SO 100 6.597-110.197 

PLOf 6-F 

AgroE~9~ 4.721 ± 1.031 SO 58 0-31.750 Stnl. t 11 

Bromus 0.272 ± 0.203 SO 8 0-9.449 tectOnml 

0!fiZOESiS 
-ymenoides 

5.076 ± 1. 374 50 34 0-38.630 

Other perennial 30.654 ± 2.556 SO 98 0-81.452 grasses 

Perennial 9.566 ± 
forbs 

1.307 SO 88 0-36 .068 

Annual 0.183 ± 0.124 SO 14 0-6.139 forbs 

Half shrubs 1. 293 ± 1.074 SO 6 0-53.280 
Total 50.306 ± 3.303 SO 100 6.856-99.319 
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Table A8.7.2-39. Oven dry weights (grams) for range cages and adj~cent open 
areas in the pinyon-juniper woodland treatment (development) 
site north of Piceance Creek. 1978 . 

.-4 
CIS ..... 

d 
§ 
(1) 

~." ~ 
~ .-4 
(1) (/) CIS (/) 

+-I "" ..... ~(1) ..... (/) (/) 

CIS "" 
..c:: (/) 0 (/) 

~.e 
~(/) .0 CIS 

"" (1) 
""+-1 

~~ 
~ (/) ~-e ~2 .-4E 

~.o O'rl (1) CIS CIS 0 

3~ ~ ~ ..c~ ~& ~ & 
.-4..c +-I ..... 

""+-I +-10 ClSCI) oeo 
< eo 0 Q,., ::c E-

1 0.366 4.515 3.098 0.133 0.069 8.181 
2 1. 806 1.403 3.209 
3 2.571 8.848 0.465 11.884 

~ 
4 0.378 3.391 4.084 0.660 8.513 
5 0.048 1. 558 0.049 0.077 2.921 4.653 
6 0.648 3.891 0.098 4.637 

as 7 12.104 0.729 0.567 13.400 
c.. t; L.138 1. _ 75 0.048 0.016 3.577 0 

9 8.606 4.672 6.279 0.169 5.644 25.370 
10 0.071 4.198 9.465 1. 341 0.050 15.125 

1 1.649 19.731 0.763 22.143 
2 1. 590 28.659 2.967 0.012 0.691 33.919 
3 0.018 1. 745 6.834 0.557 9.154 

~ 4 0.424 2.971 7.971 35.753 0.388 2.859 50.366 
5 3.365 0.052 1.278 4.695 6 6 2.337 1.036 3.373 

~ 
7 0.907 18.739 12.863 0.049 1.165 0.474 34.197 
8 0.488 12.971 0.015 13.474 
9 3. 731 6.907 3.853 1.646 16.137 

10 0.017 9.379 9.396 
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Table A8. 7.2-40 . Oven dry weights (grams) for range cages and adjacent open 
areas in the pinyon-juniper woodland control site north of 
Piceance Creek. 1978 . 

""" co ..... 

d 
§ 
Q) 

~ ~ """ Q) Vl C'O Vl +-oJ 0..Q) ..... Vl 

~i 
C'O ~ Vl 0 Vl §~ """Vl .0 ~ Q) 

e~ ~ Vl C'O.o ~~ "'~ Q) co Q) ~ ::l ~ .C ~ ~& ~& """..c: +-oJ ..... 3~ ~+-oJ b'-' C'Ot!) ~~ IX) 
0.. :I: 

1 5.648 0.049 5.697 2 10.816 0.024 10.840 3 3.339 2.964 1.347 0.447 3.769 11.866 

~ 
4 0.041 4.271 0.159 0.983 5.454 5 0.430 0.042 0.492 0.964 6 5.057 5.309 2.077 1. 073 13.516 ffi 7 0.037 2.436 0.920 3.393 @S 8 3. 796 3.796 9 0.011 0.168 3.395 3.574 10 6. 749 6.749 

1 O. 791 13.983 4.815 0.078 19.667 2 24.159 0.014 24.173 3 0.084 5.207 8.961 0.306 0.417 14.975 
~ 

4 0.563 9.198 6.506 5.739 22.006 5 22 . 659 5.137 0.148 27.946 6 6 1.488 9.459 0.497 1.359 12.803 
e5 7 8.416 0.370 0.142 8.928 
~ 

8 9.730 1. 565 11.295 9 3.633 1.943 0.003 0.248 5.827 10 2.915 25.130 1.809 0.024 29.878 
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Table AB.7.2-41 . Mean production ± the standard error of the me~ (S .E. ), 
frequency, and range of observed values for clipped plots 
in the pinyon-juniper woodland development (treatment~ site 
north of Piceance Creek. Production values in grams/m . 1978. 

Mean ± S.E. Sample Frequency Range 
Size (\) of Values 

RANGE CAGES 

Agr~ffi~ 0.325 ± 0.232 10 30 0-2.337 snu. 1 

Bronrus 0.764 ± 0.444 10 50 0-3.731 tectorurn 

~ZOESis 
-ymenoides 

5.433 ± 1.899 10 90 0-18.739 

Other perennial 10.873 ± 4.130 10 70 0-35.753 grasses 
Perennial 0.417 ± 0.294 10 40 0-2.967 forbs 
AlillUal U.631 ± 1.309 10 70 0-2.859 forbs 
Hdf 0.244 ± 0.139 10 30 0-1.278 shrubs 

Total 19.685 ± 4.853 10 100 3.373-50.366 
OPEN AREAS 

A&!°IThl~ 0.252 ± 0.213 10 20 0-2.138 SlTUt 1 

Bromus 0.909 ± 0.856 10 40 0-8.606 tectorurn 

°EfiZOESis 
-ymenoides 

2.336 ± 0.572 10 80 0-4.672 

Other perennial 4.914 ± 1. 315 10 80 0-12.104 grasses 
Perennial 0.247 ± 0.140 10 60 0-1. 341 forbs 
Annual 0.765 ± 0.548 10 90 0-5.644 forbs 

Half 0.432 ± 0.310 10 20 0-2.921 shT'Jbs 

Total 9.855 ± 2.180 10 100 3.209-25.3 0 
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Table AS.7.2-42. Mean production ± the standard error of the mean (S.E.), 
frequency, and range of observed values for clipped plots in 
the pinyon-juniper woodland control 2ite north of Piceance 
Creek. Production values in grams/m. 1978. 

Mean ± S.E. Sample Frequency Range 
Size (%) of Values 

RANGE CAGES 

AgroeHi9I,l 0.008 ± 0.008 10 10 0-0.084 snut II 
Bromus 0.079 ± 0.079 10 10 0-0.791 tectorum 

~ZOESis 
-ymenoides 

7.009 ± 2.368 10 90 0-24.159 

Other perermia1 8.216 ± 2.889 10 70 0-25.130 grass 
Perermial 

forbs 
1.464 ± 0.753 10 70 0-6 .506 

kmua1 
forbs 

0.022 ± 0.015 10 30 0-0.142 

Half 
shrubs 

0.950 ± 0.562 10 70 0-5.739 

Total 17.750 ± 2.599 10 100 5.827-29.878 
OPEN AREAS 

~roeffit;l 0.334 ± 0.334 10 10 0-3.339 snut ~ 

Bromus 0.008 ± 0.005 10 20 0-0.041 tectorum 

~ZOESiS 
-ymenoides 

3.116 ± 1.089 10 80 0-10.816 

Other perennial 1. 784 ± 0.830 10 SO 0-6.749 grasses 
Perennial 0.369 ± 0.211 10 60 0-2.077 forbs 
Annual 0.342 :: 0.339 10 20 0-3.395 forbs 

Half 0.632 ± 0.374 10 40 0-3. 69 shrubs 

Total 6.585 1: 1.311 10 100 0. 964-13.516 
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Transect 

BA 17 
(CH-C-l) 

BA 18 
(CH-C-2) 

BA 25 
(CH-C-3) 

Combined 

BA 21 
(CH-T-l) 

BA 20 
(CH-T-2) 

BA 23 
(CH-T-3) 

Combined 

Tab e A8.7.3-1 

Production and ~t 'l 11 ion of bltterbrush in the chained 
rangeland habitu • l r -78. 

A B C 
PRODUCTION : Length of shoots UT I LI ZAT I ON : 
length of new remaining in In percent shoots in fall (mm) 5 p ring em) 

C~x 100 Mean t SE (N) Mean t SE (N) A 

42 i- 3.8 (100) 3 t 0.6 (90) 92 

75 t 9.0 (100) 4 i- 0.9 (100) 94 

73 t 8.3 (100) 5 t 0.8 (100) 94 

63 t 4.3 (Joo) 4 t 0.5 (290) 93 

73 t 6. 4 ( 1 OO) 9 t 1. 1 (100) 88 

145 t 11.2 (100) lOt 1.5 (100) 93 

143 ! 10.6. (100) 16 t 2.3 (100) 89 

120 ! 5.9 (300) 2 t 1.0 (JOO) 90 
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Transect 

SA 19 
(PJ-C-1 ) 

BA 26 
(PJ-C-2) 

SA 27 
(PJ-C-3) 

Combined 

BA 16 
(PJ-T-l) 

SA 22 
(PJ-T-2) 

BA 24 
(PJ-T-3) 

Com l : ned 

Table AB.7.3-2 

Production and utilization of bitterbrush in the pinyon-juniper 
habitat, 1977-78 . 

A B C 
PRODUCTION: Length of shoots UT I LI ZAT I ON : 
length of new remaining in in percent 
shoots in fall (mm) spring(mm) 

C~x 100 Mean ± SE (N) Mean t SE (N) A 

48 ± 3.9 (100) 9 1: 2.1 (100) 81 

43 ± 3.9 (100) 4 ± 0.9 (100) 91 

29 ± 3.1 (100) 4 + 1 .0 (100) 85 

40 ± 2.2 (300) 6 t 0.8 (300) 85 

28 :t: 2.6 (99) 5 t 0.8 (80) 82 

94 t 7.1 (100) 15 + 1.8 (100) 84 

36 1: 2.4 (100) 9 l' 1.5 (90) 75 

53 ± 3.2 (299) 10 + 0.9 (270) 81 
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Transect 

BA 17 
(CH-C-l) 

BA 18 
(CH-C-2) 

BA 25 
(CH-C-3) 

Combined 

BA 21 
(CH-T-1) 

BA 20 
(CH-T-2) 

BA 23 
(CH-T-3) 

Table A8.7.3-3 

Production and utilization of mountain mahogany in the chained 
rangeland habitat, 1977-78. 

A B C 

PRODUCTION: Length of shoots UTILIZATION: 

length of new remaining in in percent 

shoots in fa 1 1 (rrro) spring(rrro) A-8 

Mean "! SE (N) Mean"! SE (N) 
c--xl00 A 

5 ± 0.4 (100) 0.5 ± O. 13 (100) 91 

16 t 4.2 (100) 3.5 ± 1.23 (100) 79 

13 "! 1.5 (50) 1.4 t 0.38 (50) 89 

11 ± 1.7 (250) 1.8±0.51 (250) 83 

9 t 1.0 (100) 0.7 ± 0.28 (80) 92 

15 ± 2.7 (100) o . 9 ± O. 21 (1 00) 94 

44 ± 6.6 (98) 4.5 t 0.80 (100) 90 

91 
Combined 23 t 2.5 (298) 2.1 t 0.32 (280) 
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Transect 

SA 19 
(PJ-c-l) 

SA 26 
(PJ-C-2) 

SA 27 
(PJ-C-3) 

Combined 

SA 16 
(PJ-T-J) 

SA 22 
(PJ-T-2) 

SA 24 
(PJ-T-3) 

Combined 

Table AB.7.3-4 

Production and utilization of mountain mahogany in the plnyon
juniper habitat, 1977-78. 

A S C 

PROCUCTION: Length of shoots UT I LI ZATI ON: 
length of new remaining in in percent 
shoots in fall (mm) spring(mm) A-S 
Mean ± SE (N) Mean ± SE (N) C • AX 100 

4 ± 0.2 (100) 1 .0 ± O. 18 (100) 72 

8 ± 1.1 (100) 1.4 ± 0.38 (100) 82 

12 ± 2.2 (100) 2.5 ± 0.90 (100) 80 

• 

8 ± 0.8 (300) 1.6 ± 0.33 (300) 79 

2 ± 0.3 (20) 1.5 ± 0.58 (20) 37 

23 ± 4.7 (40) 4.6 ± 1.82 (30) 80 

19 ± 2.2 (99) 4.6 ± 1.05 (100) 76 

18 ± 1.9 (159) 4.2 ± 0.79 (150) 77 
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Table AB.7.3-5 

Production of bitterbru~h, 1978. 

Transect Habitat 

SA 18 chained rangel . nd 

SA 25 II 

SA 21 II 

SA 20 II 

SA 23 
II 

SA 19 pinyon-juniper 

SA 26 
II 

SA 27 
II 

SA 16 II 

SA 22 II 

SA 24 II 

345 

PRODUCTION: 
length of new 
shoots in fall (mm) 

Mean t SE (N) 

266 t 16.6 (100) 

174 t 11.7 (100) 

211 t 17. 2 (100) 

246 t 18.8 (100) 

274 ± 25.4 (lOa) 

123 t 7.7 (100) 

133 t 8.3 (100) 

154 t 8.7 (100) 

149 ± 9.8 (100) 

179 t 14.2 (100) 

120 ± 8.2 (100) 
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Transect 

BA 01 

BA 02 

w SA 03 ~ 
0\ 

BA 04 

BA 05 

BA 06 

BA 07 

- BA 08 N 
'-l 
'-l 

BA 09 

L 

Table AB.7.3-6 

Baseline evaluation of bitterbrush on Big Jimmy ridge. Twenty 0.04 acre plots occurred 
along each transe~ t. 

Density; 
No. of shrubs 

per acre 

49 

61 

30 

144 

114 

113 

29 

34 

(, 

No. of 
shrubs 
counted 

39 

49 

24 

115 

91 

90 

23 

27 

5 

Height class 
(cm) 

<15 15-40 )40 

3 30 6 

7 36 6 

13 10 

24 54 37 

10 45 36 

2 35 53 

0 7 16 

2 8 17 

0 2 3 

Percent I ive tissue 
on Individual shrubs 

(25 25 50 75 100 

0 3 16 19 

2 5 24 15 3 

0 6 10 7 

16 22 34 34 9 

0 20 45 22 4 

3 5 33 42 7 

0 0 4 13 6 

0 0 6 14 7 

0 0 2 3 0 

No. of seedlings 
encountered in 
twenty 0.003 acre 

plots 

0 

0 

0 

0 

0 

0 

0 

0 



Table A8.7.3-7 

Baseline evaluation of mountain mahogany on Big Jimmy 
ridge. Twenty 0.04 acre plots occurred along each 
transect. 

Transect 

BA 01 

BA 02 

BA 03 

BA 04 

BA 05 

BA 06 

BA 07 

BA 08 

SA 09 

347 

Density: No. of 
shrubs per acre 

56 

0 

3 

29 

3 

0 

9 

0 

3 
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Sample 

Table A8.7.3·8 

Sagebrush Ocular Estimates - Fall 1978 

Sagebrush Habitat 

Transect Paces Size Youn Mature Decadent Low Medium 

BA01 

BA02 

BA03 

BA04 

BA05 

BA06 

BA07 

BA08 

BA09 

BA17 

BA18 

BA20 

BA21 

BA23 

BA25 

TOTAL 

PERCENT 

Transect 

BA10 

BAll 

BA12 

BA13 

8A14 

BA15 

BA16 

BA19 

BA22 

BA24 

BA26 

BA27 

TOTAL 

PERCENT 

2 

2 .. 

2 

3 

3 

3 

3 

3 

2 

2 

3 

3 

3 

3 

2 

50 

50 

SO 

SO 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

750 

Sample 

10 

12 

11 

2 

3 

8 

2 

54 

7.2 

Paces Size Youn 

5 

5 

3 

3 

3 

3 

3 

5 

5 

5 

3 

3 

25 

25 

40 

50 

50 

50 

50 

25 

25 

25 

50 

SO 

465 o 

40 

38 

39 

48 

41 

47 

47 

39 

37 

49 

42 

47 

47 

SO 

49 

660 

88 

8 

2 

B 

12 

2 

36 

4.8 

34 

40 

22 

10 

21 

32 

12 

7 

41 

27 

15 

17 

25 

11 

314 

48 

16 

10 

24 

21 

10 

13 

20 

8 

9 

23 

20 

27 

22 

24 

295 

41.9 39.3 

Pinyon Juniper Habitat 

Mature Decadent Low Medium 

15 

17 

22 

30 

37 

31 

20 

3 

4 

2 

20 

25 

226 

48.6 

348 

10 

8 

18 

20 

13 

19 

30 

22 

21 

23 

30 

25 

239 

51.4 

2 

5 

7 

3 

3 

2 

2 

27 

10 

19 

20 

20 

25 

22 

13 

10 

9 

3 

17 

20 

188 

5.8 40.4 

2 

4 

19 

19 

5 

18 

35 

15 

6 

3 

15 

141 

18.8 

13 

6 

15 

23 

22 

25 

37 

14 

15 

20 

32 

28 

250 

5, 3, 3, 4. 4 

7,9,11.5,9 

9,9.6,4,14 

10, 8. 12, 8, 5 

9. 3, 4. 11, 7 

7,6.2 , 1,6 

3, 2. 1, 4. 7 

1, 2. 1, 3, 

5,2,3,7,3 

2,1,3,1,2 

2,3,7,6,4 

4, S, 7. 1. 

1, 1 . 

1, 1, 

1, 2, 1, 

4, 3, 6, 2, 

3, 4 , 4. 1 , 

1. 5. 5, 1. 3 

4.3.4. 1.2 

1. 2. 

2. 

O. 

1. 2. 1. 1. 0 

1, 1. 2. 1 . 

53.8 

1279 



Transect 

Table AB.7.3-9 

Production of bitterbrush and mountain mahogany treated with 
fertil izer, 1978. All transects are located in the chained 
rangeland habitat. 

PRODUCTION: 
length of new 
shoots in fall(mm) 

Mean ± SE (N ) Treatment 

Sitterbrush: 

BA 28 185 l' 16 (99) ammonia nitrate 

SA 31 260 ± 20 (100) ammonia nitrate 

SA 17 223 ± 21 (100) nitrogen and phosphorus 

SA 30 201 ± 17 (100 ) nitrogen and phosphorus 

Mountain mahogany : 

SA 28 132 * 7 (100) am'Tlo nia nitrate 

SA 17 114 + 7 (100) nitrogen and phosphorus 

12BO 
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Table A12.3.2-1 
STEPWISE ~f'RESSIOH ANALYSIS STATISTICS STEP I 

~UlA9lE 

NO. NU'f 
ac Tl 

5 CA~ 1 
o PREC 

DEPEHDEljf 
2 KILL 

INTERCEPT 

256 .759 71 
61.87009 
23 . 3~9'1" 

].'16000 

IIUlTIPlE COR~flATION 

STANDARD 
DE"IOTION 

l21.43733 
17 .23611 5 
31.52641 

5.73352 

2.82307 

0.43667 

5.51412 

CORREU T lOll REc;aeSSIOH 
I VS , COEH I CIEII T 

0.40038 0.00'159 
-0 . 226S11 -0.01038 
-0.20645 -u.02918 

ANALYSIS OF VA~IAhCE FOR TME REGRESSION 

SOURCE OF VARIATION 

ATT_leUTABlE TO ~e'RESSION 
DEVI4TION F~O" RE'RESSION 

TOTAL 

VARIABLE 
NO. NlIIE 

3 DCTt 
5 C.~1 

DEPf~DENT 
2 ~lll 

~TERCEPT 

256 .75977 
61.8H9'1 

].96000 

~UlTIPlE CO_RELATION 

STD. ERROR OF eSTIM ATE 

DECREES 
OF FREeoo" 

3 
21 
24 

SUH OF 
SOUARES 

150.44177 
638.51709 
7l!8.95874 

Table A12.3.2-2 

MEAN 
SOU ARES 

50.14725 
30.4U5'>6 

RE'RESSION ANAlTSIS STATISTICS STEP 

STANDARD 
DEVIA TlON 

221.43738 
17.23685 

5.7335Z 

1.73107 

0.40673 

5.47077 

CORREll TlON 
I VS Y 

0.4010:51 
-~.ZZ688 

RHRESSIOII 
COEFF I C I EN T 
0.01026 

-0.0065 4 

ANALTSIS OF VARIANCE fOR THE RE'RESSION 

SOURCE OF VARIATION 

ATTRTBUTABlE TO RE'RESSION 
DEVIATION FROII Rec;AESSION 

TOTAL 

URIOSLE 
110. NA~f 

3 DCTt 
OEPfNO~~T 

2 KIll 

I~TERC'PT 

STEPW ISE 

256.759' 7 

IIUlTIPLF CORPElATION 

DE'REES 
OF FR EE DOli 

2 
22 
24 

SUH OF 
SQUARES 

130.51462 
658.44434 
73S.Y5874 

Table A12.3.2-3 

llEAN 
SOUARES 

65.Z5731 
29. ~2Y28 

Rt,RESSION ANAlT~ IS STATISTICS STEP 

SUH il ARO 
OEV "Tl O~ 

221.43738 

1 . 2 5,,$4 

CORI\EtA T 10,. 
X YS • 

l.4)63b 

U ,ReS 5 I 0 
COEHICIENT 
0 . 01052 

AHAlTS1S Of VARIA~CE FOR THE RE.RES S IO N 

SOU~CE OF VARIATI ON 

' T'R I& UTA6LE 1 QEGPf 5S I ON 
C! VllT I ON FROM REG " e:.SI O ~ 

TO T Al 

OE'REES 
OF FREEDOM 

13U . 292>4 
~58. 060u2 
na.9B74 

357 

MEAN 
SQUlRH 

130 . 29H4 
23 . 0 3765 

ST . ERROR. 
OF REG.COEF. 
0.00602 
J.07677 
0.U3604 

F VA LU~ 

1.64928 

ST . ERROR . 
Of RE' .COEF. 
0.00592 
0.071laZ 

F VALUE 

2 .18038 

COIIPUTED 
T V6lU~ 

1.592.3 
-0.135111 
-0.t0956 

c~puTeD 

T VAL uf 
1.73318 

-0.08008 

, T. ERRUR. C O~PUTED 

I)F REG .C OEF . T VAl U ~ 
U.004Q~ 2 .13 3 00 

F VALUE 
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This is the second report which provides selected information on 

the C~b project workforce. The data for the report was 

collected through a questionnaire given to those employed at 

the C-b site. Completed surveys are available from 60\ of the 

current workforce, therefore the statistics used in this report 

are estImates rather than actual numbers. 

The C-b Workforce 

The workforce reached a high in September of about 375. The 

workforce level at the end of November, 1978 was 282. The decrease 

of about 18 workers, since the July Monitoring Report, which 

indi ca ted approximately 300 employees, 1S a temporary condition due to 

completion of the sThaft headframes. The number of ~orkers 

will increase again in January when shaft sinking resumes. 

About 90 percent of the workers still hold construction or 

temporary jobs at the site, while only 10 percent of the 

workers are considered permanent. Figure A shows the actual 

workforce as it compares to the projected workforce. 

The majority (51.8%) of the worker's surveyed reside in Rifle. 

Table I shows the place of residence of the workers surveyed. 

A comparison of the place of residence of employees as shown in 

this report with that shown in the first monitoring report 

indicates tha t the percentage of employees living in Rifle and 

5il% has decreased whereas t]le percentage in Meeker has remained 

the same. 
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Community 

Rifle 

Grand Junction Area 

Meeker 

Silt 

Glenwood Springs 

Rangely 

New Castle 

Craig 

Grand Valley 

Piceance Creek 

Denver Area 

Other West Slope 

Outside State 

Unknown 

TABLE I 

PLACE OF RESIDENCE 

Percent of C-b Work
force Residing t here 

July, 1978 
eN .. 296) 

54.7 

6.4 

7.1 

10.1 

4.1 

. 7 

4.7 

3.4 

1.7 

1.Q 

5.1 

1,0 

100.0% 

Percen t of Workers 
Surveyed, Residing 
there, Nov. , 197 8 

( N • 168 ) 

51.8 

13.1 

7.1 

5.4 

3.6 

2.4 

2.4 

1.8 

2 . 4 

2.9 

7,1 
100.0 % 

Most of the workers are residing in these communities on a full 

time basis, while 15.5 percent indicated they l~ve in a c ommun ity 

close to the C-b site on weekdays and return to their permanent 

r esidence on weekends. 

Approximately 62 percent of the workers resp onding have lived in 

their present home less than a year, while the other 38 percent 

have resided at their present location for over one year. Over 
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half of the workers who live in Rifle, Meeker, and 

Glenwood are newcomers to those communities. Table II indicates 

the percentage of employees in each community according to the 

length of tnei~ residence. 

TABLE II 

LENGTH OF RESIDENCE 

Percent of C-b Work - Percent of Workers 
force Residing there Residing there less 
More than One Year than One Year 

Community 

Rifle 21.8 78. 2 

Grand Junction 68.2 31. 8 

l<1eeker 33.3 66.6 

Silt 88.8 11.1 

Glenwood 50.0 SO 

All Other Communities 46.9 53.1 

The median age of the employees is 28. About seventy percent of 

the ~orkforce surveyed were married. For thosp employeps living 

in Rifle and Meeker, the percentage married is greater than it 

100% 

100% 

100~ 

100 % 

100% 

100 % 

is for the total workforce, but it should be noted that many of 

those employees have not brought their families with them. Table 

III indicates the percentage of workers, married and single, 

surveyed according to place of residence. The average family 

size for the married workers surveyed was 3.3, or an ~verage of 

1.3 children per family. 

Of those employees living in Rifle less than a year, 40 percent 

have their families living with them. The new residents in Rifle 
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have brought an average of 1.1 school children per family. 

When asked to state if they were planning to move their families 

into the area, 20 of the workers showed they were planning to move 

their spouses to Rifl e , bringing with them 21 school age children. 

Therefore, based on the return of the questionaire from 60% of the 

workforce, it is estimated that a total of 25 of the worke rs 

will move their spouse to Rifle with 28 school age children. 

In Meeker, 85 percent of the employees responding t o the survey 

living there le ss than a year, have their families living with 

them. These employees have brought four school age children to 

the community within the last year . 
T~\BL[ III 

~~RITAL STATUS OF WORKFORCE 

Community 

Rifle 

Grand Junct ion Area 

Meeker 

Silt 

Total of Workers Surveyed 

Percent Harried 

72 . 4 

54.5 

75 

66.6 

69.6 

Type of Re sidence of The Workforce 

Percent Si.ngle 

27 . 6 

45.5 

25 

33.3 

30.4 

100\ 

100% 

100% 

100% 

100\ 

Table IV list s the perc en tage s of the workforce in var i ous types of 

residences. In leeker , Grand Junction and Sil t a greater percentage 

of residents are liv"ng in ho uses than in any other type of residence. 

In Rifle, the largest percentage of the workforce is living in 

apartments. When asked to state wha t type of residence the workers 

preferred, the majority indicated single fa mily housing. Table V 

shows the preferences, in detail. 
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TABLE IV 

TYPE OF RESIDENCE OF WORK FORCE 

% of % of , of , of % of 
Total Residents Residents Residents Residents 

Type of 

Own House 

Rent House 

Olffl ?-Iobile 

Rent Mobile 

Apartment 

R. V ./Camper 

Motel 

Residence Workforce Rifle Grand Meeker 
Junction 

23 18.4 29.4 33.3 

15.8 6.8 29.4 16.6 

HOTlle 14.5 14.9 17.6 8.3 

Home 10.3 10.3 5.8 16.6 

28.5 37.9 11. 8 25 

5.4 8 5.8 0 

2.4 3.4 0 0 
1UO % 100 % 100 % 100 \ 

TABLE V 

HOUSING PREFERENCES OF THE WORKFORCE 

Type 

House 

Apartment 

Mobile Home 

Percent Responding 

60.4 

27..9 

16.6 
100 , 

Monthly figures provided ~y local realtors in Rifle and Meeker 

give an indication of the housing availability and cost in the 

communities. Table VIII indicates the housing availability in 

Rifle. In Rifle, the median unit price increased 12% for new 
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Silt 

22.2 

55.5 

11.1 

11.1 

0 

0 

0 
100 ~ 



housing and 6\ for old units during the three months from September 

to November. The median cost of residential lots for sale increased 

33% from September to ~ovember. 

TABLE VIII 

RIFLE HOUSING AVAILABILITY REPORT 

September October November 

No. New Units for sale 12 14 11 

Median Unit Price $59,000 $64,557 $66,180 

Average \veeks offered 6 \veeks 7 weeks 5 weeks 

No. Old Units for sale 24 28 23 

Median Unit Price $56,500 $57,100 $60,000 

Average weeks offered 5 weeks 12 weeks 14 weeks 

No. Resident Lots for sale 48 55 17 

Median Lot Price $12,200 $16,250 $16,250 

No. Houses for Rent None None None 

No. Apartments for Rent 1 6 None 

?·1edian Rental $ 425 $ 366 

Source: Leo Swartzendruber, Rifle Realty, Inc. 

In Meeker, estimates of housing availability were provided by Bob 

Cox, Home Loan Officer at the First National Bank, who indicated 

that during the first half of November, average new homes were 

selling in the range of $47,500 to $52,000. Resident lots with 

water and sewer taps were selling in the range of $15,500 to 
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$17,500. Apartments for rent were very limited, w'tn some two 

bedroom apartments renting for $350 to $400. There were no known 

mobile home spaces available. 

Recreational Activities of the Workforce 

When asked what type of r ecreational activities they participate 

in regularly, the employees indicated 72 different activities. 

Hunting, fishing and skiing we re mentioned most frequently as 

recreational activities of both the employee and his or her family. 

Table IX shows the frequency of responses. 

TABLE IX 

RECREATIONAL ACTIVITIES 

Activity 
Percentage of 

Responses 
eN • 462)* 

Hunting 22 % 

Fishing 22 

Skiing 8 

Camping 4 

Bowling 3 

SoftBall/Baseball 3 

Swimming 3 

Tennis 2 

Basketball 2 

Motorcycles/Dirtbike s 2 

Horseback Riding 2 

Drinking/Partying 2 

All Others (Less than 2% Responding) 24 

* Percent does not total 100% due to multiple response 
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The Typical C-b Employee 

During the fall of 1978, the "typical" C·b employee was a 28 

year old, married man. He lived in Rifle with his wife and child 

He is a neN resident in the community and paid $360 per month 

for his apartment. When he was not working, he enjoyed hunting 

and fishing. 
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INTRODUCTION 

This is the third monitoring report, issued by the C-b shale oil project. 

This report contains selected information on the C-b project workforce and 

socio-economic conditions within nearby communities. The workforce data 

presented in this report reflects current conditions, as of February, 

1979. The community data is tabulated for the year, 1978, whenever possible 

and is analyzed in c~nparison with data from previous years. 

The workforce data was collected through a questionnaire completed by 

persons employed at the C-b site. Completed surveys are available from 66 

percent of the current workforce, therefore the statistics presented in this 

portion of the report are estimates rather than actual numbers. 

The community data was collected from various sources in the communities of 

Rifle and Meeker; and from Garfield and Rio Blanco counties. 
Q 

1 
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I. THE C-b WORKFORCE 

The on-site workforce included a total of 253 persons as of February, 1979. 

Th i s is a decrease of 29 workers since the last monitoring report was released 

i n November. 1978. The activity lag between the completion of the head frame 

construction and resumption of shaft sinking accounts for the temporary decrease 

in the workforce. The workforce is anticipated to rise through 1979 to the level 

indicated in Figllre A, as shaft sinking activity increases. 

About 90 percent of the workers still hold construction or temporary jobs at 

the site, while 10 percent of the workers are considered permanent. Figure A 

shows the actual workforce as it compares to the projected workforce. 

A. Housi~ 

1. Location 

The majority (56%) of the \~orkers surveyed reside in Rifle. This percentage 

has remained relatively constant since July,1978. Table I shows the place 

of res idence of all workers surveyed as of February, 1979 and compares those 

figures with the figures released in July, 1978. 

2. Length of Residence 

Approximately 60 percent of the workers surveyed have lived in their 

present homes less than a year, \'/hile 40 percent have resided at their 

present location for over one year. Seventy-tl'lo percent of the workers 

living in Rifle are newcomers to that community, while 58 percent of the 

workers living in Meeker have resided there less than one year. These 

figures seem to reflect the tendency for workers,who have recently 

2 
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Conmunity 

Rifle 

Meeker 

Silt 

Grand Junction Area 

Glenwood Springs 

New Castle 

Grand Valley 

Rangely 

Other West Slope 

Piceance Creek 

Denver Area 

Outside Colorado 

Unknowr 

TOTI\L 

TABLE I 

PLACE OF RESIDENCE 

Percentage of Workers 
Surveyed, Residing 
There February, 1979 

(N = 168) 

56 

8 

8 

7 

4 

3 

o 
2 

o 

4 

7 

100 

Percent of Workers 
Surveyed, Residing 
There July. 1978 

(N = 296 ) 

55 

7 

10 

6 

4 

5 

3 

1 

5 

2 

1 

100 

relocated to the project area, to establish resfdence in either Rifle or Meeke~ 

Table II shows the percentage of employees in each community according to the 1cngth 

of their residence. 

4 
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TABLE II 

LENGTH OF RESIDENCE 

Percent of C-b Work- ~ercent of C-b Workforce 
Comnun i ty force Residing There Residing There less 

More than One Year Than One Year 
Rifle 28 72 100% 

Meeker 42 58 100% 

Silt 77 23 100% 

Grand Junction Area 73 27 100% 

Glenwood Springs 57 43 100% 

All Other Communities 43 57 100% 

Tota 1 Workforce 40 60 100% 

3. ~ 

Table III lists by community the percentages of the workforce living in various 

types of housing. Approximately the same percentage of the total workforce 

own their own house, rent houses and/or rent apartments. Of the employees 

residing in Rifl~, 50 percent live in a home which they own, while 23 percent 

of employees living in Meeker own homes. 

5 
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TABLE I II 

TYPE OF RESIDENCE OF WORK FORCE 

Own Rent Own Rent 
COlMluniti: House House Mobile Home Mobile Home A~artment RV Motel 
Rifle 34 12 16 7 24 4 3 100% 

Meeker 23 46 8 23 - 100% 

Silt 13 47 16 7 6 - 100% 

Total Workforce 25 23 16 5 22 3 6 100% 

4. Preference 

When asked to state what type of residence they preferred to be living in, the 

majority of workers indicated single family housing. Table IV shows the preferences 

in detail. 

5. Cost 

TABLE IV 

HOUSING PREF ERE NCES OF THE TOTAL WORKFORCE 

Preferred Ti:pe 
Single Family House 

Mobil e Home 

Apartment 

Percent Responding 
76 

13 

11 

Response to the survey showed the median cost of housing per month to be $248 

for home owners , $200 for home renters, $200 for mobile home owners, $155 for 

mobile home renters, and $225 for apartment renters. (See Table V). HO\,lever, 

these figures are lower than the data on current housing and rental costs 

in the local communities presented in the Housing and Land Use Section of this 

report. The median monthly cost of housing to the workforce is low, since it 

6 
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B. 

includes cost for long term residents, \'/ho gnerally pay less for housing and 

single status workers, who live together and share costs. The low and high 

figure in Table V reflects the large range in monthly cost of housing to the 

C-b workforce. 

TABLE V 

MONTHLY COST OF HOUSING TO THE C-b WORKFORCE 

'f~Ee Median Low figure High Figure 
Own House $248 $ 50 $700 

Rent House $200 $ 60 $450 

Ol-In Mobi le Home $200 $ 60 $440 

Rent Mobil e Home $155 $ 50 $300 

Apartment $225 $100 $350 

Age, Ma rita 1 Status and Fami ly Size 

l. Age 

The median age of current employees is 31 years. This is three years older than 
that record~d in t~e last report. 

2. Marital Status 

About 70 percent of the \'1orkers surveyed are married , but only 46 percent are 

living with their families full-time. Table VI shows the percentage of workers, 

by cOlMlunity; I'lho are married and reside with their families; who are married 

but do not reside with their families full-time; and who are single. 

3. Family Si ze 

Average family size for all married members of the workforce is 3.5 persons, or 

two adults and 1.5 children per family. An estimated 60 C-b worker families 

7 
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TABLE VI 

MARITAL STATUS OF WORKFORCE 

ercent r~arried Percent Married Percent 

Corrmunity and Li vi n9 With But Not Living With Single 

Fami1~ 
Famil~ Full-time 

Rifle 49 26 25 100% 

Meeker 58 17 25 100% 

Silt 61 8 31 100% 

Grand Junction Area 36 9 55 100% 

Glenwood Springs 43 14 43 100% 

All Others 31 34 35 100% 

Total \~orkforce 46 24 30 100% 

to communities close to the project withi n the past year. These 
have relocated 
families have contributed approximately 100 children to the area , of which an 

estimated 55 are school-age children (ages 5-18). 

In Rifle, an estimated 42 families of C-b workers are nevI to the community, and 

they have contributed approximately 70 children of which about 40 are school age. 

About 30 of the present C-b workers who have f milies, but who do not have their 

families in the local area, are planning to have their families join them in the 

near future. Most of these new familie s are planning to settle in Rifle and would 

contribute an estimated 25 new school children to that community. 

C. Recreational Activities 

The most popular recreation activities among the C-b vlorkerfot'ce are fishing, hunting 

and skiing. Fishing, hunting and swimming appear to be the most popular activities 

among family members of C-b workers. 

8 
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Table VII lists the percentages of the workers and the percentages of worker 

family mellbers v/ho participate in various recreational activities . 

Acti vity 

Fishing 

Hunting 

Skiing 

Campi ng 

Basketball 

Swimming 

Tennis 

Bm'll i ng 

Golf 

Horseback Riding 

Four-\,Jheel i ng 

Softball/baseball 

Motorcycling 

\~aterskiing 

TABLE VII 

RECREATIONAL ACTIVITIES 

Percentage of 
the Workforce 
Participating* 

30 

29 

19 

10 

7 

6 

6 

4 

3 

3 

3 

2 

2 

2 

* Does not total 100 percent due to multiple responses. 

~ercentage of Worker 
Fami 1y Members 
Participating* 

26 

19 

9 

7 

1 

11 

5 

1 

Other responses include: dancing, football, photography, macrame , f 1 yi ng ~ 

tubing, trapping, horseshoes, running, movies, gardening. 

9 
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II. THE COMMUNITIES 

A. Housing and Land Use 

1. Rifle 

The community of Rifle continues to show the most growth in housing and 

subdivision development. According to the Rifle Building Department, 

257 building permits were issued in 1978. This number is more than 

double the number of permits issued in 1977. In Rifle there were 

seventy new homes built in 1978; four town houses, thirteen four-plexes 

including the senior citizen housing project, twelve duplexes, and 

six new commerical buildings. The valuation of the new construction was 

$5.556,668 in 1978, while in 1977 the valuation was $2,606,000. In 1978 

a total of sixty-one mobile home permits were also issued in Rifle. 

During the fou th quarter in 1978 the average sales price of a new single 

family home in Rifle was $55,241. This is 19 percent higher than the 

average price of a home during the fourth quarter in 1977 (see Table VIII.) 

The average sales price for existing housing during the fourth quarter 1978 

was $60,872, forty-four percent higher than in 1977. The average residential 

lot price, in the fourth quarter, increased 70 percent in 1978 from $9,921 

in 1977 to $16,878 in 1978. 

Cost of rental housing has also increased in Rifle. Although there were 

no houses available for rent in the fourth quarter of 1978, the first 

monitoring report, released in July, showed that the average rent for 

single family housing was $200. The most dramatic increase in rents were 

for apartments. The average rental price for an apartment rented during 

the fourth quarter 1978 was $35v, a 140 percent increase over the average 

rental of $148 in 1977. 

10 
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Average sales pri ce for 
new houses 

Average sales price for 
existing houses 

Average resident lot 
price 

Average advertised 
monthly rental for 
houses 

Average advertised 
monthly rental for 
apartments 

TABLE VII I 

AVERAGE HOUSING AND RENTAL COSTS 
IN RIFLE FOR FOURTH QUARTER 

1976-1978 

Oct-Dec Oct-Dec Oct-Dec 
1976 1977 1978 

$41,937 $46,392 $55,392 

$39,411 $42,228 $60,872 

$ 6,840 $ 9,921 $16,878 

$ 148 $ 188 None 
Available 

$ 139 $ 148 $ 355 

Source: Lynn Behrns, former Rifle Planner 
Leo Swartzendruber, Rifle Realty 

2. ~leeker 

Percent 
Increase 

1977-1978 

19% 

44% 

70% 

140% 

Meeker also continues to grow, although it shows less growth than Rifle. 

According to county warranty deeds, which give information on housing sales 

and prices, the average sales price of a home in Meeker increased from 

$46,237 in the first half of 1978 to $48,083 in the second half. The 

greatest number of homes sold were in the $50,000 to $54,999 range. The 

total number of houses sold in Meeker is estimated to be 60 homes in 1978 

(see Table IX.) 

A telephone survey in January, 1979 of three major rental property owners in 

Meeker, indicated only one house and four apartments advertised for rent. 

Recently constructed apartments in Meeker rented between $275 and $350 per 

month in July, but in January 1979 were renti ng bet\'1een $355 to $400. Depend; n9 
11 
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on the renter, the owner of the property, an~ the type of rental property, 

rents muy vary in Meeker an~vhere from $150 to $400 per month. 

Sales 

Price Volume 

Avarage Price 

TAI3LE IX 

HOUSING SALES AND PRICE R~NGES IN MEEKEr, 
1978 

January-June 

30 

$1,387,100 

$ 46,237 

July-December 

18 

$ 865,500 

$ 48,083 

Sales by Price Rdnge 

$25-29,999 

30-34,999 

35-39,999 

40-44,999 

45-49,999 

50-54,999 

55-59,99~ 

60-64,999 

65-69,999 

70-74,999 

75-79,999 

80,000 + 

3 

5 

3 

3 

5 

5 

3 

0 

0 

2 

0 

1 

o 

o 

4 

2 

2 

5 

3 

2 

o 

o 

o 

o 

Total 

48 

$2,252,600 

$ 46,92~ 

3 

5 

7 

5 

7 

10 

6 

2 

o 

2 

1 

Source: Survey of \~arranty Deeds, Clerk's office, Rio Blanco County and Credit 
Bureau Bulletin, Craig Credit Collection Service and QDA, A Housing 
~larket Feasibility Analysis, 1979, Rio Blanco County. 

Those housing sales where there was no land transaction (new construction 
on previously purchased subdivision lot) are not accounted for in 
Warranty Deeds. It is estimated that this later group of sales is 
approximately 20% of all sales in Meeker. Therefore, total sales in 
r1eeker is es ti rna ted to be 58 homes. 



a. Law Enforcenent 

1. Rifle 

Growth has affected t he number of crimes reported to the police in both Rlfle 

and Meeker. The total number of crimes reported increased 86 percent 

from 1977 to 1978 in Rifle. Increases in criminal activity in Rifle were 

primarily in the ~a tegories of theft, drugs, disorderly conduct, criminal 

trespass, criminal mischief, child abuse and neglect, runaway and curfew 

violations. Traffic accidents increased 71 percent (see Table X.) . 

TABLE X 

RIFLE LAW EN FORCEME NT DATA 1976-1978 

Selected Cri mes Repor ted 1 

Theft 

Narcotics/D ugs 

DUl/DWl 2 

Disorderly Conduct 

Criminal Trespass 

Criminal Mischief 

Family Disturbance 

Child Abuse/Neglect 

Runaways 

Curfew Violation 

Total Reports 

Total Arres ts 

Total Juvenile Cases 

Total Traffic- Accidents 

1976 

85 

7 

32 

18 

11 

37 

3 

16 

9 

395 

162 

95 

1977 

119 

5 

27 

15 

17 

28 

6 

7 

9 

8 

371 

164 

95 

123 

1. All crimes reported are not included in this report 
2. Driving under the influence, driving while into icated. 

Source: Rifle Police Depart~ent 
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1917-78 
Percent 

1978 Increase 

182 53 

15 200 

74 174 

70 366 

26 53 

48 71 

2 (- 66) 

9 29 

18 100 

14 75 

690 ~;) 

399 1 .• ... ' 
160 f:~ 

210 
. . 
I ~ 



2.. Meek~r 

Crimes reported in Meeker increased 84 percent from 1977 to 197~. In MeEker, 

increases in crimes reported were primarily in the categories of assault, 

bUlglary. theft. sex offenses. disorderly conduct and fraud (see Table XI.). 

TABLE XI 

MEEKER LAW ENFORCEMENT DATA 1976-1978 

Sel ecLed Crimes Reported 1 Percent 
1976 1977 1978 Increase 

i977- 1978 

Assault 6 8 11 38 

Burgi ary 14 7 13 86 

Theft 50 42 84 100 

SE'X Offense~ 1 3 6 100 

!a rcotics 5 10 5 -50 

D -i vi n9 Under the Influence 13 24 24 0 

Disorderly Conduct 6 8 25 88 

Fraud 0 3 7 133 

Runa ay 7 11 11 0 

Total Reports 123 174 320 84 

l. All crimes reported are not included in thi s report 

Source: Meeker Police Department 

C. Schools 

1. Rifle 

Enrollment in Garfield School District RE-2 has decreased sligh tl y accordlng to 

figures representi ng Fall enrollment 1978 through February 2nroll ment 1979. 

Dariel Clarke, the district superintellden~ felt the decrease \-Ias temporary 

due to a decrease of construction workers durlng the winte" months. Yet. 
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current enrollme~t st'll shows an increase over the enrollment at the close 

of the Spring Term 1978. The RE-2 School District currently has the full 

ti me equivalent (FTE) of 94 certificated staff and 64 support staff employed. 

The assessed valuation of the : '~ool district increased 12 percent from 1977 

to 1978, while the mill levy decreased (see Table XII.) 

TABLE XI I 

GARFIELD SCHOOL DISTRICT RE-2 DATA 

Enroll me nt Spri n9 1977 

El ementa ry 

Secondary 

Total 

Staff 

Certificated (FTE) 

Support Staff 
(Number employed) 

Assess ed Va~uation 

Mill Levy 

887 

993 

1622 

1977 

$18,551,630 

56.14 

Sept Oct. Nov. Dec. Jan. Feb. 
1978 1978 1978 1978 1979 1979 

922 913 938 932 922 917 

814 H19 819 816 802 804 

1740 1732 1732 1748 1724 1721 

1978 

$18,851,520 

56.13 

1979 

94 

64 

$21,167,920 

49.81 

Source: Garfield School District RE-2 Superi~tendent 

2. Meeker 

The Meeker School District also showed a slight decrease in enrollment from 

Fall 2978 to January 1979. The school superintendent's office eAplained the 

decrease 's due to workers \'t'ho left th e cOOilounity upon comple ion of the 

Irbe cons tructi oll ;;:--::: j ~c t. Currently ther e are 46.35 (FTE) ~erti fied staff 
I 

and 29 support staff. The assessed valuation has increased a~ well as the 

mill levy (see Table XIII) from ]97.8 to 1979. 

15 
1317 



TABLE XI II 

MEEKER SCHOOL DISTRICT RE-1 

Enrollment Capacity Spring 1978 Fa 11 1978 January 1979 

Rock School (Grades 1-8) 40 21 27 

257 

124 

106 

240 

754 

Grades 1-4 

Grades 5-6 

Grades 7-8 

Seni or High 

Total 

Staff 

Certified (FTE) 

Support (Numbe r employed) 

Assessed Valuation 

l~i 11 Levy 

350 

150 

250 

450 

1240 

352 276 
(Total elementary) 

113 

227 

692 

23 ,686 ,620 

40.67 

126 

118 

248 

768 

2.3,291,360 

43.67 

23,358,870 

48.05 

Source: Meeke r School District RE-1 Superintendent 

School 

rABLE XIV 

SECONDARY DROPOUT RATES 

1975-76 1976-77 1977-78 
----------------------------------------------------------
Rifle Senior High 

Meeke r Senior High 

State High School Totals 

11.4 5.7 18.0 

5.6 6.3 0 

7.8 9.3 9.8 

Source: Colorado Department of Education 
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3. Secondary Drop-Out Rate 

Secondary school drop-out rates are computed each year as a percent of 

October school enrollments for grades 10-12. The dropout rate increased 

during the 1977-78 school year in Rifle. The Meeker dropout rate 

decreased to zero {see Table XIV.) 

D. Hospitals and Health Care 

The Clagett Memorial Hospital in Rifle is still experiencing operating deficits 

due to its 1m'l level of occupancy. The admi nistration is encouraged though, 

by a higher daily census recently. A hospital planning committee has been 

meeting on a monthly basis since last fall. One of their top priorities 

has been the recruitment of an additional physician to tOHn, but that has not 

been achieved to date and the community continues t o be served by four 

physicians. 

The follo ... ling is a breakdown of pertinent statistics for the hospitals in 

Meeker and Rifle. Statistics which reflect the full year 1978 are listed 

first. These are followed, for comparison , by numbers which reflect the 

first half of 1978 and which were published in the first monitoring 

report. TABLE XV 

HOSPITAL STATISTICS IN RIFLE AND MEEKER 

Total Admissions 

Total Emergency 
Room Vi sits 

Average Daily 
Census 

Average Occu pancy 

Total Newborn 

Clagett Memorial 
Hospital 

1978 First Half 1978 

909 491 

2356 1232 

8.3 8.1 

26.0 25.3 

64 34 

Source: Harald Frieser, Clagett Russ McDaniels, 
-. ---------- -- 17 

1978 

415 

1354 

Pioneer Memorial 
Hospital 

Fi rs t Half 1978 

210 

526 

5.8 6.7 

34.4 39.7 

44 18 

Pioneer 
_ ... - -_.--
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The statistics show that hospital functions have remained relatively stable in 

most areas throughout the year. In Meeker, there has been a noticeable increase 

in emergency room visits, but the daily census and average occupancy levels 

have declined since the first part of the year. 
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Economic Indicators 

Included in this section are statistics whi ch give some ind ica tion of economic 

trends within the communities of Meeker and Ri fl e (see Table XVI.) 

Municipal Budget 

1979 (Estimated) 

1978 (Actual) 

Municipal Debt 

December 1978 

July 1978 

As sessed Valuation 

December 1978 

December 1977 

Commerc ,.. 1 Bank 
Total Deposits 

December 1978 

Dec~mbe 1977 

Commecial Bank 
Total Loans 

December 1978 

December 1977 

Retail Sales* 

1978 (E ti ~ated) 

1977 

TABLE XVI \ 
ECONOMIC INDICATORS IN RIFLE A D R 

Meeker 

$ 2,572,225 

$ 1,550,210 

$ 2,240,000 

$ 1,800,000 

$ 5,225,880 

$ 4,850,000 

$15,870,744 

$14,512,000 

$12,071 ,222 

$ 9,746,000 

$ 9,600,000 

$ 8,186,601 

Rifle 

$ 1,107,700 

$ 842,890 

$ 1,416,201 

$ 614,000 

$ 5,699,180 

$ 4,984,000 

$17,056 ,000 

$14,i42 ,OOG 

$11,697,000 

$ 9,201,000 

$19,991,000 

$15,419 ,000 

* Es timated bas ed upon actual figures for January - September 1978. Fourth 
quarter 1978 figures are not yet available. 
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These figures are evidence of a growing economy in both Meeker and Rifle. 

Meeker's assessed valuation, a sign of real property growth, has increased 

by almost 8 percent over the year. Commercia bank deposits, an indicator of 

a growing money supply. have increased by 9 percent, v/hile bank loans have 

increased by 24 percent. Retail sales in Meeker, the best indicator of 

commercial activity, increased 17 percent over the year. The demand upon 

public services and facilities in Meeker has shown a large increase, as 

the municipal budget has increased by 66 percent and the municipal debt by-rS 

percent. 

In Rifle. the assessed valuation has increased by 14 percent in the last year. 

Commercial bank deposits jumped 21 percent and bank loans v/ere up 27 percent. 

Retail sales in Rifle increas ed 30 percent over the year. Rifle also shows 

evidence of the pressure to expand public services in th at the municipal 

budget increased 31 percent and the municipal outstanding debt level rose 

130 percent over the year. 
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J 

INTRODUCTION 

This is the fourth monitoring report. issued by the C-b Shale Oil Venture. 

This report contains selected information on the C-b project workforce. The 

data was collected through a questionnaire completed by persons employed on 

the C-b tract, and reflects the current workforce as of April 6, 1979. Sixty 

two percent of the workforce were surveyed, therefore the statistics presented 

n this report are estimates rather than actual numbers. 
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I. T~E C-b WORKFORCE 

As of April 6, 1979 there were 245 persons employed at the C-b site. This 

is a slight decrease from the 253 persons emp loyed as of February 1979. 

About 90 percent of the workers still hold construction or temporary jobs 

at the site, while 10 percent of the workers are considered permanent . 

Figure A shows the actual workforce as it compa res to the projected workforce. 

A. Housing 

1. Location 

Host of the workers (5 2% ) reside in Rifl e, although there has been a slight 

percentage decrease from the previous monitoring reports. An increased 

percentage of workers are residing in Meeker. Table I shows the pl ace 

of residence of all workers su rveyed as of J\pril 6, 1979 and compares those 

figures with those re lea sed in February 1979. 

2. Length of Residence 

The percentage of workers who have lived in their present homes less than 

a year has remained at 60 percent, while 40 percent have resided at their 

present location over a year. The percentage of workers who are newcomers 

to Rifle has rema ined relatively constan~ around 70 percent, while in 

Meeker, the percentagp. of workers who lived there l ess than a year increased 

from 58 percent in February to 81 perc~nt in April 1979 . Table II shows 

the percenta ge of employees in each community according to the l en th of 

their residence . 
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TABLE I 

PLACE OF RESIDENCE 

Percentage of Workers Percentage of Workers Percentage of Workers 
Surveyed Residing There Surveyed Residing There Surveyed Residing There 

April 1979 February 1979 " July 1978 
(N=153' (N=168) (N=296) 

Ritle 52 56 55 

Meeker 10 8 7 

Silt 8 8 10 

Grand Juncti on Area 6 7 6 

Glenwood Springs 5 4 4 -(.oJ New Castle 4 3 5 N 4lo 
0) 

Grand Valley 2 1 3 

RangeJy 1 0 1 

Other West Slope 1 2 5 

Piceance Creek 0 2 

Other Colorado 0 1 

Outside Colorado 2 4 ! 

Unknown 8 7 0 

Total 100 100 100 



Co ITITl ur) i ty 

Rifle 

Meeker 

Si lt 

Grand Junction Area 

Glenwood Springs 

All other COlTlTlun ities 

Tota 1 Workforce 

TABLE II 

LENGTH OF RESIOEHCE 
(Apri 1 1979) 

Percent of workers Surveyed 
Residing there more 

than one year 

30 

19 

83 

77 

100 

33 

40 

Percent of Workers Surveyed 
Residing there less 

than on~ year 

70 

81 

]7 

23 

o 

67 

60 

Of those workers listing their permanent residence as out of state, the majority are 

from Utah, while others list the State of Washin ton, Nevada, Ari zona , 

New Mexico, South Dakota, Minr.esota, Califorr.ia, West Virginia, Nichigan, 

Oregon and Mi$sissippi, as home. 

3. ~ 

Table III presents the various types of housing ir. which the worker's are living. 

A comparison of the current statistlcs with the Febr ary, 1979 monitoring 

report shows that a slightly greater percentage of th~ total workfor'ce own 

their own houses and rent apartments. 
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TABLE II I 

PERCENT OF WORKFORCE RESIDING 
IN VARIOUS TYPES OF HOUSING 

OWn Rent 
April 1979 

OWn Rent 
COl1mJn1t~ Home Home Mobile Home Mobile Home AEartment RV Motel 

Rifle 25 13 18 5 33 3 3 100% 

Meeker 19 19 19 0 43 0 0 100% 

Silt 25 41 17 17 0 0 0 100% 

Total Workforce 27 18 16 6 29 1 3 100% 

4. Preference 

The majority of the workers indicated they preferred to live in single family hous

ing. Table IV shows the preferences of the current workforce are similar to 

the previous monitoring report. 

TABLE IV 

HOUSING PREFERENCES OF THE TOTAL WORKFORCE 

Preferred Type % Responding % Responding 
February 1979 AEri 1 1979 

Single Family House 76 73 

Mobile Home 13 14 

Apartment 11 13 

5. Cost 

Response to the survey shm'led the median monthly cost for home owners to be 

$248, $200 for home renters, $165 for mobile home owners, $100 for mobile home 

renters and $240 for apartment renters. 
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Table V shows how the current median cost compares with the figures presented 

in the last monitoring report. 

TABLE V 

MONTHLY COST OF HOUSING TO THE C-b WORKFORCE 

Median Cost Median Cost Low Figure Hi gh Figure 
T,n~e Feb. 1979 AEril 1979 AQril 1979 AEril 1979 

Own House $248 $248 $103 $700 

Rent House 200 200 150 400 

Own Mobile Home 200 165 60 600 

Rent Mobile Home 155 100 50 300 

Apartment 225 240 100 350 

Month ly fi gures provided by a Rifle realtor give an indication of housing cost 

in Rifle. Table VI shows the average cost for various ~ypes of housing in 

Rifle. For each type of housing except for apartment rentals, the average cost 

appears to be increasing. 

TABLE VI 

AVERAGE HOUSING AND RENTAL COSTS IN RIFLE 
---------- ------------------------

Oct.-Dec. 
1978 

Average Sales Price for new houses $55,392 

Average sales price for existing houses $60,872 

Average resident lot price $16,878 

average advertised monthly rent for houses None available 

Average advertised monthly rent for 
apartments 

Source: Leo Swartzendruber, Rifle Realty 
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Jan.-March 
Average 1979 

$77 ,500 

$63,250 

$17,662 

None available 

$ 325 



B. Age, Sex, Marital Status and Family Size 

1. Age 

The Median Age of the employees has remained at 31 years. 

2. Sex 

Ninety-one percent of the current workforce are males, 9 percent are 

female. 

3. Marital Status 

Sixty-eight percent of the workforce are married, but only 49 percent live 

with their families full-time. Table VI shows the percentage of workers, by 

community, who are married and reside with their families; who are married 

but do not reside with their families full-time; and who are single. 
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TABLE VII 

MARITAL STATUS OF WORKFORCE 

Percent Married 
April 1979 

Percent Married Percent 
Community and living with But not living with Single 

Family Family Full-time 

Rifl e 46 22 32 

Meeker 69 12 19 

Silt 50 8 42 

Grand Junction Area 56 22 22 

Glenwood Springs 50 0 50 

All Others 46 22 32 

Total Workforce 49 18 33 

4. Family Si z~ 

Average family size fur all married members of the workforce is 3.3 persons 

or two adults and 1.3 children per family. Average family size for the 

workforce (including singles) is 2. 7 persons. It is estimated that 39 

percent of the children are non-school age, while 61 percent are school

age children. 

It is estimated that 41 of the workers hav~ moved their families with them 

within the last year, to an area near the tract. They have brought with 

them an estimated 23 non -school age children and 40 school-age children. 

9 

1333 



About 14 of the present C-b workers, who are not living with their families, 

are planning to have thp.ir families join them in the near future. Most 

of these workers are planning to settle in Rifle and would contribute 

an estimated 30 new school children to that community. 

c. Recreational Activities 

Fishing, hunting, skiing and camping are still the most popular recreational 

activities of the workforce and thei r families. Other activities that werp. 

mentioned were basketball, swimming, tennis, bowling, gol f, horseback riding, 

four-wheeling, softball, motorcycling, water skiing, flying, snowmobiling, 

biking, running, boating, raquetball ~nd pistol shooting. 

II. CORRECTIONS 

Si nce the last monitoring report, it was learned that there were some figures 

that were incorrectly reported. Please make a note of these changes in your 

copy of the February 1979 Monitoring Report. 

The enrollment figures for the Meeker School District did not include kindergarten. 

The revised numb~rs are: 

MEEKER SCHOOL DISTRICT RE-1 

January 1979 

Enrollment January 1979 

Rock School (Grades 1-8) 27 

Kindergarten 56 

Grades 1-4 257 

Grades 5-6 124 

Grades 7-8 106 

Senior High 240 

Total 810 
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The number of certified (FTE) staff in Meeker in January, 1979 was 46 and 

the number of support staff was 29. 

The February monitoring report showed the Rifle secondary dropouts rate for 

1977-78 to be 18.0. This rate is actually only 7.7. 

j) U 5 GOVERNMENT PRINTING OFFICE 1980 640 : 58 354 
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